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COMPLEX HYYDROPHOBE COMPOUNDS. MACRQMONOMERS 
AND MAACROMONOMER-CONTAINING POLYMERS 

gijgf Syimipflry pf the Invention 

Technical Field L 

Thiris invention relates to polymers which contain 
macromonomer&'s and which can contain nonionic, cationic, anionic 
and/or amphotenric monomers. The polymers are especially useful as 
thickeners for aaqueous systems, e.g., certain of the polymers are 
soluble in, or swivelled by, an aqueous alkaline medium to provide 
thickeners for uase in aqueous coating compositions, especially latex 
paints. This indention also relates to macromonomers containing 
complex hydropbhobic groups and to complex hydrophobe compounds. 

Pflckgro\in4 pf tithe Invention 

Thidckeners for aqueous systems are needed for various 
purposes, such i as for architectual coatings, industrial coatings, 
automotive coatitings and the like to improve rheology of the coatings. 
Hydroxyethyl ceellulose is a well known thickener for aqueous 
systems, but it t has various deficiencies in that excessive amounts 
must be used annd the rheology of the thickened system is inadequate. 
Various ethoxyldated carboxyl-functional polymers which form alkali 
soluble thickene:ers are also known, but these have various 
deficiencies, inclcluding inadequate hydrolytic stability. 

It hhas long been desired to provide superior thickeners 
for aqueous syststems which are highly efficient, which better resist 
hydrolysis, and i which provide better rheology. This is achieved 
herein by providding new polymers which possess these desired 
characteristics, ». 

Disclosure of thhe Invention 

Thius invention relates in part to polymers (I) comprising 
the reaction prooduct of: 
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(A) ,) about 0-99.9, preferably about 10-70, weight percent of 
one or more nonnionic, cationic, anionic and/or amphoteric 
monomers; 

(B) .) about 0-99.9, preferably about 30-85, weight percent of 
one or more monnoethylenically unsaturated monomers, typically 
ethyl acrylate, ddifferent from component (A); 

(C) ) about 0.1-100, preferably about 5-60, weight percent of 
one or more moonoethylenically unsaturated macromonomers 
different from components (A) and (B); and 

(D) ) about 0-20, preferably about 0-10, weight percent or 
greater of one o»r more polyethylenically unsaturated monomers, 
typically trimetlthylol propane triacrylate, different from components 
(A), (B) and (CU 

Thiiis invention also relates in part to an emulsion of the 
above-identifiedd polymer (I) in water, which emulsion is useful as a 
thickening agennt in aqueous compositions. In order to obtain the 
thickening effedct, the polymer (I) is dissolved in the aqueous 
composition to bbe thickened. 

Thiiis invention further relates in part to an aqueous 
composition, annd more particularly an improved latex paint 
composition conntaining the above-defined polymer (I). 

Thiiis invention yet further relates in part to a process for 
thickening an aaqueous composition which comprises adding the 
above-defined ppolymer (I) to an aqueous composition and dissolving 
the polymer (I) ) in the aqueous composition. 

TThis invention relates in part to polymers (II) comprising 
the reaction pnroduct of: 

(/A) about 1-99.9, preferably about 10-70, weight percent of 
one or more alppha, beta-monoethylenically unsaturated carboxylic acids, 
typically methaacrylic acid; 
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(B3) about 0-98.9, preferably about 30-85, weight percent of 
one or more monnoethylenically unsaturated monomers, typically ethyl 
acrylate, difFerennt from component (A); 

(CD) about 0.1-99, preferably about 5-60, weight percent of one 
or more monoetlthylenically unsaturated macromonomers different from 
components (A) z and (B); and 

(DD) about 0-20, preferably about 0-10, weight percent or 
greater of one or>r more polyethylenically unsaturated monomers, typically 
trimethylol proppane triacrylate, difiBFerent from components (A), (B) and 
(C). 

Tfcliis invention also relates in part to an emulsion of the 
above-identified I polymer (II) in water, which emulsion is useful as a 
thickening agentit in aqueous compositions. In order to obtain the 
thickening effects, the polymer (II) is dissolved in the aqueous composition 
to be thickened. 

Tblris invention further relates in part to an aqueous 
composition, andd more particularly an improved latex paint composition 
containing the ahbove-defined polymer (II). 

Thias invention yet further relates in part to a process for 
thickening an aqqueous composition which comprises adding the 
above-defined poolymer (II) to an aqueous composition and dissolving 
the polymer (II) ) in the aqueous composition. 

Tfcliis invention relates in part to polymers (III) 
comprising the r reaction product of: 

(AA) from 1 to about 99.9 weight percent, preferably 
from about 60 to 3 95 weight percent and more preferably from about 70 
to 95 weight penrcent, of one or more nonionic monoethylenically 
tin saturated monnomers, for example, acrylamide, N,N-dimethyl 
acrylamide, vinyyl pyrrolidone and hydroxyethyl acrylate; and 

(BB) from about 0.1 weight percent to 99 weight 
percent, preferahbly from about 5 to 40 weight percent and more 
preferably from z about 5 to 30 weight percent, of one or more 



monoethylenicahlly unsaturated macromonomers different from 
component (A). . 

TThis invention also relates in part to an emulsion of 
the above-identitified polymer (III) in water, which emulsion is useful 
as a thickening { agent in aqueous compositions. In order to obtain the 
thickening effecfct, the polymer (III) is dissolved in the aqueous 
composition to bbe thickened. 

TThis invention further relates in part to an aqueous 
composition, anad more particularly an improved latex paint 
composition conntaining the above-defined polymer (III). 

Thiiis invention yet further relates in part to a process for 
thickening an aaqueous composition which comprises adding the 
above-defined ppolymer (III) to an aqueous composition and dissolving 
the polymer GUI) in the aqueous composition. 

TIThis invention relates to compounds represented by the 

formula: 

: R* 
i 

Rl-(OR2) z .R3-(.C=CR5R6 (I) 
wherein: 

RR 1 is a monovalent residue of a substituted or 

unsubstituted cicomplex hydrophobe compound; 

o 

esach R is the same or different and is a substituted or 
unsubstituted ddivalent hydrocarbon residue; 

o 

RR is a substituted or unsubstituted divalent 
hydrocarbon reesidue; 

RR , R° and R° are the same or different and are 
hydrogen or a substituted or unsubstituted monovalent hydrocarbon 
residue; and 

2 z is a value of 0 or greater. 



TfcTiis invention relates to compounds represented by the 

formula: 



Rl-(0-CH 2 )a i 
\\ 

R 2 -(0-CH 2 )b > 

(i) 

wherein R^ and 1 Rg are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Rg is a 

substituted or unnsubstituted divalent or trivalent hydrocarbon 
residue, each R 44 is the same .or different and is a substituted or 

unsubstituted ditivalent hydrocarbon residue, each Rg is the same or 

different and is e a substituted or unsubstituted divalent hydrocarbon 
residue, Rg is hyydrogen, a substituted or unsubstituted monovalent 

hydrocarbon resisidue or an ionic substituent, a and b are the same or 

different and are-e a value of 0 or 1, and x and y are the same or 
different and are'e a value of 0 or greater; provided (i) at least two of Rp 

R 2 , Rg, R 4 , Rg aand Rg are a hydrocarbon residue having greater than 

2 carbon atoms iiin the case of Rp Rg and Rg or having greater than 2 

pendant carbon £ atoms in the case of Rg, R 4 and Rg, (ii) at least one of 

R^ and Rg is othher than -CHgCHg- when R^ and Rg are nonylphenyl, 

Rg is^CH-, Rg is s hydrogen or SOg, a is a value of 1, b is a value of 1, 

and at least one e of x and y is a value of 1 or greater, and (iii) R 4 is 

-CH 0 CHg- and xx is a value of at least 2 when R 1 is hexadecyl, Rg is 

tetradecyl, Rg i^^CH-, at least one Rg is -CHgCH(tetradecyl)-, Rg is 

hydrogen, y is a \ value of 1 or greater, a is a value of 1, and b is a value 
ofO. 
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TThis invention also relates to compounds represented 
by the formulae: 



R 7 -(OCH 2 )d-R99-(ORio)fORii 
I 

I 

R 8 -(OCH 2 ) e -Ria2-( OR 13 ) r ORi4 

wherein Ry andd Rg are the same or different and are hydrogen or a 
substituted or v unsubstituted monovalent hydrocarbon residue, R^^ 
and R^ are thae same or different and are hydrogen, a substituted or 

unsubstituted v monovalent hydrocarbon residue or an ionic 
substituent, Rgg and R^ are the same or different and are a 

substituted or v unsubstituted divalent or trivalent hydrocarbon 
residue, each R&^O * s ^ e same or different and is a substituted or 
unsubstituted d divalent hydrocarbon residue, each R^g is the same or 

different and is s a substituted or unsubstituted divalent hydrocarbon 
residue, R^g is 5 a substituted or unsubstituted divalent hydrocarbon 

residue, d and e e are the same or different and are a value of 0 or 1, 

and f and g are e the same or different and are a value of 0 or greater; 
provided at leasist two of R ? , R g , R g , R 1Q , R^, R 12 , R 13 , R 14 and R 1{ - 

are a hydrocarbbon residue having greater than 2 carbon atoms in the 
case of R^, Rg, \ R 11 and R 14 or having greater than 2 pendant carbon 

atoms in the caase of R g , R 1Q , R 12 , R^ and Rjg. 

Thhis invention further relates to alkoxylation product 
mixtures whichh can have relatively narrow alkoxylation product 
distributions. 1 These product mixtures are relatively free from large 
amounts of substantially higher alkoxylation moieties, i.e, those 
having at least t three more alkoxyl groups than the average peak 
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alkoxylate speriae. Advantageously, these narrow distributions can be 
obtained where tthe most prevalent alkoxylation moiety has four or 
greater alkoxy unnits, that is, in the regions which generally have a 
relatively wide rrange of alkoxylation species. 

Detailed Description 
Uluastrative nonionic, cationic, anionic and amphoteric 
monomers usefulil in this invention include those monomers which 
impart water sohlubiKty to the polymer. Preferably, a large proportion 
of component (A)0 is employed to impart water solubility to the 
polymers of this i invention. The key to water solubility lies in 
positioning suffidcient numbers of hydrophilic functional groups 
along the backboone or side chains. Suitable functional groups which 
impart water soblubility and suitable nonionic, cationic, anionic and 
amphoteric monaomers useful in this invention are described in 
Water-Soluble P<?olymers, Synthesis, Solution Properties and 
Applications, ACCS Symposium Series 467, American Chemical 
Society (1991), wwhich is incorporated herein by reference* Mixtures of 
nonionic, cationidc, anionic and amphoteric monomers may be 
employed in thisis invention, e.g., mixtures of nonionic monomers, 
mixtures of noniiionic and cationic monomers, etc. 

Illuastrative nonionic monomers useful in this invention 
include, for exanmple, acrylamide, N, N-dimethyl acrylamide, vinyl 
pyrrolidone, ethyylene oxide, vinyl alcohol, vinyl acetate, N- 
vinylpyrrolidinonne, hydroxyethyl acrylate and the like including 
mixtures thereoftf. Illustrative cationic monomers useful in this 
invention includde, for example, ammonium, sulfonium and 
phosphonium sahlts, preferably quarternary ammonium salts such 
as diallyldimethhylammomum chloride, diallyldiethylammonium 
chloride, diethylrlaminoethyl methacrylate, dimethylaminoethyl 
methacrylate, mnethacryloyloxyethyltrimethylammonium sulfate, 
methacryloyloxyyethyltrimethylammonixmi chloride, 3- 



(methacrylamiddo)propyltrimethylammoruuiii chloride and the like 
including mixtuures thereof. 

Uliiustrative anionic monomers useful in this invention 
include, for exaample, acrylic acid, methacrylic acid, maleic 
anhydride, p-sigtyrene carboxylic acids, p-styrene sulfonic acids, vinyl 
sulfonic acid, 2-J-suIfoethyl methacrylate, 3-sulfopropyl methacrylate, 
3-sulfopropyl aacrylate, 2-aciylamido-2-methylpropane sulfonic acid, 
3-acrylamido-3-J-methylbutanoic acid and the like including mixtures 
thereof and saltlts thereof. Illustrative amphoteric monomers useful 
in this inventionn contain zwitterions on the same monomers, i.e., 
betaines, or alonng the same polymer backbone, i.e., ampholytes, and 
include, for exaample, N,N-dimethyl-N-methacryloxyethyl-N-(3- 
sulfopropyl )amnmonium-betain, N,N-dimethyl-N- 
methacrylamiddopropyl-N-(3-sulfopropyl)ammonitun-betain, l-(3- 
sulfo propyl )-2-vvinylpyridinium-betain, 3-(2-acrylamido-2-methyl- 
propyldimethyklammonio)- 1-pr op an e sulfonate, N-vinylpyrroHdone-co- 
N^-dimethyl^N-methacroyloxyethylanmioniopropanesulfonate, N- 
vinylpyrrolidonoe- co-N,N-dimethyl-N- 
methacroylamiddopropylammordo- propanesulfonate, N- 
vinylpyiroUdonae-co-2-vinylpyridimo-propanesulfonate and the like 
including mixtitures thereof. 

Preeferably, a large proportion of one or more alpha, beta- 
monoethylenicaally unsaturated carboxylic acid monomers can be 
present in the p polymers of this invention. Various carboxylic acid 
monomers can I be used, such as acrylic acid, methacrylic acid, 
ethacrylic acid, I, alpha-chloroacrylic acid, crotonic acid, fumaric acid, 
citraconic acid, , mesaconic acid, ita conic acid, maleic acid and the 
like including nmixtures thereof. Methacrylic acid is preferred. A 
large proportionn of carboxylic acid monomer is essential to provide a 
polymeric strucicture which will solubilize and provide a thickener 
when reacted wvvith an alkali like sodium hydroxide. 



Thee polymers of this invention can also contain a 
significant propoortion of one or more monoethylenically unsaturated 
monomers. Thee preferred monomers provide water insoluble 
polymers when 1 homopolymerized and are illustrated by acrylate and 
methacrylate eststers, such as ethyl acrylate, butyl acrylate or the 
corresponding nmethacrylate. Other monomers which can be used 
are styrene 9 alkyyl styrenes, vinyl toluene, vinyl acetate, vinyl alcohol, 
acrylonitrile, vinnylidene chloride, vinyl ketones and the like. 
Nonreactive moDnomers are preferred, those being monomers in 
which the single e ethylenic group is the only group reactive under the 
conditions of poblymerization. However, monomers which include 
groups reactive i under baking conditions or with divalent metal ions 
such as zinc oxidde may be used in some situations, like hydroxyethyl 
acrylate. 

Othher illustrative monoethylenically unsaturated 
monomers usefuul in this invention include, for example, propyl 
methacrylate, istsopropyl methacrylate, butyl methacrylate, n-amyl 
methacrylate, seec-amyl methacrylate, hexyl methacrylate, lauryl 
methacrylate, sfctearyl methacrylate, ethyl hexyl methacrylate, crotyl 
methacrylate, cirinnamyl methacrylate, oleyl methacrylate, ricinoleyl 
methacrylate, hjiydroxy ethyl methacrylate, hydroxy propyl 
methacrylate, virinyl propionate, vinyl butyrate, vinyl tert-butyrate, 
vinyl caprate, virinyl stearate, vinyl laurate, vinyl oleate, vinyl methyl 
ether, vinyl ethyyl ether, vinyl n-propyi ether, vinyl iso-propyi ether, 
vinyl n-butyl ethher, vinyl iso-butyl ether, vinyl iso-octyl ether, vinyl 
phenyl ether, a-c-chlorovinyl phenyl ether, vinyl /-naphthyl ether, 
methacryonitrilde, acrylamide, methacrylamide, N-alkyl 
acrylamides, N-i-aryl acrylamides, N~vinyl pyrrolidone, N-vinyl-3- 
morpholinones, ] N-vinyl-oxazolidone, N-vinyl-imidazole and the like 
including mixtuures thererof. 

Thee macromonomers useful in this invention can be 
represented by t the formula (I) above. The macromonomer 
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compounds usefeful in this invention can be prepared by a number of 
conventional pnrocesses, except for inclusion of the complex 
hydrophobe conmpounds described herein. Illustrative processes are 
described, for exxample, in U.S. Patent Nos. 4,514,552, 4,600,761, 
4,569,965, 4,384^,096, 4,268,641, 4,138,381, 3,894,980, 3,896,161, 3,652,497, 
4,509,949, 4,226,5,754, 3,915,921, 3,940,351, 3,035,004, 4,429,097, 4,421,902, 
4,167,502, 4,764,4,554, 4,616,074, 4,464,524, 3,657,175, 4,008,202, 3,190,925, 
3,794,608, 4,3388,239, 4,939,283 and 3,499,876. Other macromonomer 
compounds whiiich may be useful in this invention include complex 
hydrophobe-conntaining oligomers dislcosed in copending U.S. Patent 
Application Seririal No. 07/887,646, filed May 29, 1992, which is 
incorporated haerein by reference. 

I In a preferred embodiment, the macromonomer 
compounds of tlthis invention can be prepared by coupling a compound 
represented byy the formula: 

R^COR 2 ) -OH (II) 
z 

with an ethyleenically unsaturated compound such as alpha, alpha- 
dimethyl meta i isopropenyl benzyl isocyanate having the formula: 



CH 3 <fH3 
H 2 ( 2 C= C [(QjT - *? ~~ N =C 8=5=0 




CH 3 

(in) 



1 C 9 

wherein R , Rv and z are as defined above. This coupling reaction 
can be carried I out in the presence of a catalyst such as bismuth 
octoate, dibutytyl tin dilaurate and the like. The coupling reaction can 
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be conducted at a a temperature of about 50°C to about 150°C and a 
pressure of abouut 1 atmosphere or so. Stoichiometric amounts of 
starting materiaals can generally be employed. 



than one hydroxxyl, or compounds that have amine functionality, and 
the like can be uused. Other unsaturated mono-, di-, and 
triisocyanates, s such as isocyanato ethyl methacrylate, allyl 
isocyanate, and 1 the like can also be used. Other monoisocyanates 
useful in prepanring macromonomer compounds of this invention 
have the formulda: 



where Y is a suhbstituted or unsubstituted divalent hydrocarbon 

o 

residue such as « defined for R herein, and Z is the residue of an 
ethylenicaUy unnsaturated compound such as CH 9 =CH-, 



Inn another embodiment, the compound represented by 
formula (II) can a react with an alpha, beta-unsaturated dicarboxylic 
acid or acid anhhydride having the formula: 



It t is understood that surfactants or alcohols with more 



Z— CC— O-Y — N=C=0 




(IV) 



CH 2 =C(CH 3 )- or»r CH 2 =CH-CH 2 -. 



O O 
HC=OC — C— O — C — C =CH 





(V) 
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to produce an eester, wherein R , R , R and R are the same or 

different and anre hydrogen or a substituted or unsubstituted 

7 8 9 

hydrocarbon reesidue, preferably an alkyl residue. If R , R , R and 
R 1 ^ are hydrog^en, then the acrylic ester is formed; if R^ and R 1 ^ are 

Q Q 

hydrogen and RR and R are methyl, then the methacrylic ester is 
formed; if R annd R are methyl and R and R are hydrogen, then 
the crotonic estiter is formed. Other anhydrides, such as itaconic 
anhydride, crot»tonic anhydride, allyl succinic, methylene malonic, 
and the like cann also be used. 



catalyst such asis pyridine, triethylamine and the like. The reaction 
can be conducteed at a temperature of about ambient to about 120°C 
and a pressure t of about 1 atmosphere or so. Stoichiometric amounts 
of starting matcterials can generally be employed. 



dicarboxylic acicid anhydrides, such as maleic anhydride can also be 
used: 



wherein R annd R are the same or different and are hydrogen or a 
substituted or uunsubstituted hydrocarbon residue, preferably 
halogen, cyanoggen, hydroxyl, lactam and lactone groups, aryl, 



TThis reaction can be carried out in the presence of a 



Mn addition, cyclic alpha, beta-unsaturated 




(VI) 
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aralkyl, substituuted alkyl, aryl or aralkyl groups, such as methyl, 

ethyl, propyl, octetyl, decyl, phenyl, tolyl, xylyl, benzyl, cyclohexyl, and 
the like, or -SOggH. Examples of such compounds are chloromaleic 

anhydride, citraeconic anhydride, fumaric anhydride, mescaconic 
anhydride, phenuyl maleic anhydride, benzyl maleic anhydride, 
sulfomaleic anhyydride, acohitdc anhydride, and the like. 

Otither synthetic routes such as transesterification or 
nucleophiUc subsstitution reactions can be used. For example, the 
compound repreesented by formula (II) can react with an acid halide 
having the formnula: 

O 

(vn> 

i ^ 

wherein R is t the residue of an ethylenically unsaturated compound 
such as CH 2 =CHH-, CH 2 =C(CHg)- or CH 2 =CH-CH 2 -, and X is NH 2 or 

halogen such as $ chlorp, bromo, fluoro or iodo. This reaction can be 
carried out in thae presence of a catalyst such as pyridine, 
triethylamine annd the like. The reaction can be conducted at a 
temperature of abbout ambient to about 120°C and a pressure of about 1 
atmosphere or sgo. Stoichiometric amounts of starting materials can 
generally be empployed. 

Inn yet another embodiment, the compound represented 
by formula (II) acan react with an epoxide having the formula: 



R 14 O— CHg-CHg 



(vm) 
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wherein R 14 is t a substituted or unsubstituted hydrocarbon residue, 
preferably the ro-esidue of an ethylenically unsaturated compound 
such as CH 2 =CEH-, CH 2 =C(CHg)- or CH 2 =CH-CH 2 -. If R 14 is not a 

reactive substitituent, then the resulting product having the formula: 
R 1 -(OR^) z -0-«-CH-CH 2 -0-R 14 (DO 



(OH 

can be reacted \ with an unsaturated hydrocarbon compound such as 
an isocyanate hhaving the formula: 

R 15 -N=C=0 (X) 

to provide a maacromonomer compound having the formula: 



RR~ (OR 2 )z— O— CH— CH 2 — O— R 14 



? 

f 

NH 
R 15 

(XI) 



wherein R 1 , R 2 ,^, R 14 and z are as defined above and R 15 is the residue 
of an ethylenicaally unsaturated compound such as CH 2 =CH-, 
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CH 2 =C(CH 3 )- onr CH 2 =CH-CH 2 -. This reaction can be carried out in 

the presence of aa catalyst such as bismuth octoate, dibutyl tin 
dilaurate and thhe like. The reaction can conducted at a temperature 
of about ambientit to about 120°C and a pressure of about 1 atmosphere 
or so. Stoichiometric amounts of starting materials can generally be 
employed. 

TVhe macromonomer can be prepared by a neat process 
(without solvents), or in solution. When neat, the complex hydrophobe 
compound havinpg at least one active hydrogen such as a surfactant 
or poly(oxyethyldene) derivative can be melted and sparged with 
nitrogen before c charging the reactants to remove moisture; when in 
solution, water ias removed by way of an azeotrope. Then the catalyst 
and capping mataterials are charged, and the reaction mixture heated 
until the reactionn goes to completion. The reaction stoichiometry of 
the surfactant annd the capping material may be optimized to promote 
thickener efficieEncy and minimize coagulum formation dining the 
subsequent polyz/merization. Afterwards, water can be added to the 
neat macromonoomer to lower its viscosity. The material made in 
solution is recovered as a solid after solvent removal, or can be put 
into aqueous soliiution by the addition of water dining azeotropic 
distillation. 

Tlfhe unsaturation portion of the macromonomer 
compounds of thhis invention can be derived from olefinically 
unsaturated comnpounds containing at least one activated carbon-to- 
carbon olefinic ddouble bond which readily functions in 
polymerization o of the macromonomer compound. Suitable 
olefinically unsaaturated compounds include, for example, acrylic 
acids typified byy acrylic acid itself, methacrylic acid, ethacrylic acid, 
alpha-chloro-acrjrylic acid, alpha-cyano acrylic acid, beta-methyl 
acrylic acid (crofotonic acid), alpha-phenyl acrylic acid, beta-acryloxy 
propionic acid, stsorbic acid, alpha-chloro sorbic acid, angelic acid, 
cinnamic acid, pp-chloro cinnamic acid, beta-styryl acrylic acid (1- 
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carboxy-4-phenyyl butadiene- 1,3), itaconic acid, citraconic acid, 
mesaconic acid,!, glutaconic acid, aconitic acid, maleic acid, fumaric 
acid, and tri-canrboxy ethylene. Also included are polycarboxylic 
acids and those e acid anhydrides, such as maleic anhydride, wherein 
the anhydride ggroup is formed by the elimination of one molecule of 
water from two * carboxyl groups located on the same polycarboxylic 
acid molecule. 

Suiiitable acid anhydrides include alpha, beta- 
unsaturated diccarboxylic acid anhydrides such as maleic anhydride, 
chloromaleic annhydride, citraconic anhydride (methyl maleic), 
fumaric anhydriride, phenyl maleic anhydride, benzyl maleic 
anhydride, sulfcfomaleic anhydride, aconitic anhydride and the like. 
Other unsaturafated anhydrides useful in this invention include 
itaconic anhydriride, methylene malonic anhydride, allyl succinic 
anhydride and t the like. 

Illuustrative substituted and unsubstituted divalent 
hydrocarbon resssidues represented by in formula (I) above include 
those described i for the same type of substituents in formulae (i) and 
(ii) below. Illustetrative substituted and unsubstituted monovalent 
hydrocarbon res>sidues represented by R*, R^ and R^ in formula (I) 
above include thhose described for the same type of substituents in 
formulae (i) andd (ii) below. 

Illuustrative R3 substituents include, for example, the 
organic residue e of ethers, esters, urethanes, amides, ureas, 
urethanes, anhjiydrides and the like including mixtures thereof The 
R3 substituent c can be generally described as a "linkage" between the 
complex hydropphobe bearing surfactant or alcohol, and the 
unsaturation poortion of the macromonomer compound. Preferred 
linkages includde the following: urethane linkages from the reaction 
of an isocyanatde with a nonionic surfactant; urea linkages from the 
reaction of an idsocyanate with an amine bearing surfactant; 
unsaturated estrters of surfactants such as the esterification product of 
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a surfactant witlth of an unsaturated carboxylic acid or an 
unsaturated anhhydride; unsaturated esters of alcohols; esters of ethyl 
acrylate oligomeers, acrylic acid oligomers, and allyl containing 
oligomers; half e esters of surfactants such as those made by the 
reaction of a sunrfactant with maleic anhydride; unsaturated ethers 
prepared by reaacting vinyl benzyl chloride and a surfactant or by 
reacting an allyl rl glycidyl ether with a surfactant, alcohol, or 
carboxylic acid. . 

Thee oxyalkylene moieties included in the 
macromonomer t compounds of formula (I) may be homopolymers or 
block or random a copolymers of straight or branched alkylene oxides. 
Mixtures of alkylylene oxides such as ethylene oxide and propylene 
oxide may be emnployed. It is understood that each R2 group in a 
particular substitituent for all positive values of z can be the same or 
different. 

The e complex hydrophobe compounds having at least one 
active hydrogen 1 useful in preparing the macromonomer compounds 
useful in this indention can be represented by the formula: 

Rl-(0-CH 2 ) a i 
\\ 

R 3 .(OK4MOR5V OR 6 

. / 

R2-(0-CH2)b > 

(i) 

wherein R^ and 1 R 2 are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, R3 is a 

substituted or unnsubstituted divalent or trivalent hydrocarbon residue, 
each R4 is the saame or different and is a substituted or unsubstituted 
divalent hydrocaarbon residue, each R5 is the same or different and is a 
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substituted or x unsubstituted divalent hydrocarbon residue, Hq is 
hydrogen, a suhbstituted or unsubstituted monovalent hydrocarbon residue 
or an ionic subs>stituent, a and b are the same or different, and are a value 
of 0 or 1, and x c and y are the same or different and are a value of 0 or 
greater; providded at least two of Kj, R2> R3, R4> R5 and Rq are a 

hydrocarbon reesidue having greater than 2 carbon atoms in the case of 
Rj, R2 and Rg $ or having greater than 2 pendant carbon atoms in the case 
of R3, R4 and RR5. For purposes of the complex hydrophobes of formula (i) 
above, at least c one of R^ and Rg is other than -CHgCHg- when R^ and Rg 
are nonylphenyyl, Rg i^CH-, Rg is hydrogen or SOg, a is a value of 1, b is a 

value of 1, and i at least one of x and y is a value of 1 or greater. Also for 
purposes of thee complex hydrophobes of formula (i) above, R^ is -CHgCHg- 

and x is a valuae of at least 2 when R^ is hexadecyl, Rg is tetradecyl, Rg is 

^CH-, at least onne Rg is -CHgCHCtetradecyl)-, Rg is hydrogen, y is a value of 

1 or greater, a i is a value of 1, and b is a value of 0. For purposes of the 

homopolymers 3 and macromonomers of formula (I) above, when 2 is a 

value of 0 and 1 R* is the residue of a complex hydrophobe of formula (i) in 
which Rj is hexxadecyl, a is a value of 1, Rg is tetradecyl, b is a value of 0, 

R 3 is^CH-, R 4 i is -CHgCHttetradecyl)-, x is a value of 1, Rg is -CHgCHg-, y 

is a value of 34 1 and R g is hydrogen, then the -R 3 (R 4 )C=CR 5 R 6 portion of 

the macromonaomer is other than the residue of maleic anhydride. Also 

for purposes ofef the homopolymers and macromonomers of formula (I) 

above, when R^ 2 and R 3 are hydrogen, z is a value of 34 and R* is the 
residue of a conmplex hydrophobe of formula (i) in which is hexadecyl, a 

is a value of 1, 1 R 2 is tetradecyl, b is a value of 0, Rg is,CH-, R 4 is 

-CH 2 CH(tetraddecyl)-, x is a value of 1, y is a value of 0 and R g is hydrogen, 

then the -R 3 -(BR 4 )C=CR 5 R 6 portion of the macromonomer is other than the 
residue of maldeic anhydride. For purposes of polymers (I) and (II) above, 
when z is a valdue of 0 and R* is the residue of a complex hydrophobe of 
formula (i) in vwhich Ri is hexadecyl, a is a value of 1, R2 is tetradecyl, b is 
a value of 0, R33 is^CH-, R4 is -CH2CH(tetradecyl)-, x is a value of 1, R5 is 
-CH2CH2-, y isis a value of 34, Re is hydrogen, and the -R 3 -(R 4 )C=CR 5 R 6 
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portion of the maacromonomer is the residue of maleic anhydride, then the 
polymers of this innvention are other than a terpolymer of said 
macromonomer, sstyrene and maleic anhydride. Also for- purposes of 
polymers (I) and (. (II) above, when R 2 is -CH2CH2-, z is a value of 34 and 
R 1 is the residue e of a complex hydrophobe of formula (i) in which Rj is 
hexadecyl, a is a v value of 1, R2 is tetradecyl, b is a value of 0, R3 ifi^CH-, R4 
is -CH2CH(tetraddecyl)-, x is a value of 1, y is a value of 0, Rg is hydrogen 
and the -R3-(R 4 )GC=CR5r6 portion of the macromonomer is the residue of 
maleic anhydride^, then the polymers of this invention are other than a 
terpolymer of saiiid macromonomer, styrene and maleic anhydride. 

Otheer complex hydrophobe compounds having at least 
one active hydropgen useful in preparing the macromonomer 
compounds usefulil in this invention can be represented by the 
formula: 



R 7 .(OCH 2 )d-R9-«(ORi 0 )fORii 
I 

Rl5> 

I 

R 8 -(OCH2)e-Rl2-^ ORi 3 ) r ORi 4 



(ii) 



wherein R7 and 1 Rg are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Ru 
and R14 are the 1 same or different and are hydrogen, a substituted or 

unsubstituted maonovalent hydrocarbon residue or an ionic 
substituent, R9 a and R12 are the same or different and are a 
substituted or unnsubstituted divalent or trivalent hydrocarbon 
residue, each Rmo * s *ke same or different and is a substituted or 
unsubstituted diiivalent hydrocarbon residue, each R13 is the same or 

different and is £ a substituted or unsubstituted divalent hydrocarbon 
residue, R15 is aa substituted or unsubstituted divalent hydrocarbon 

residue, d and e 2 are the same or different and are a value of 0 or 1, 
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and f and g aree the same or different and are a value of 0 or greater; 
provided at leasist two of R7, Rg, R9, Rio> Rll> Rl2> ^13> ^14 an ^ Rl5 
are a hydrocarbbon residue having greater than 2 carbon atoms in the 
case of R7, Rg, \ Rji and R14 or having greater than 2 pendant carbon 
atoms in the caase of R9, Riq> Rl2> ^13 ^ Rl5- 

Uhlustrative substituted and unsubstituted monovalent 
hydrocarbon ressidues contain from 1 to about 50 carbon atoms or 
greater and aree selected from alkyl radicals including linear or 
branched primaary, secondary or tertiary alkyl radicals, such as 
methyl, ethyl, rn-propyl, isopropyl, amyl, sec-amyl, t-amyl, 2- 
ethylhexyl and 1 the like; aryl radicals such as phenyl, naphthyl and 
the like; arylalkkyl radicals such as benzyl, phenylethyl, tri- 
phenylmethylefcthane and the like; alkylaryl radicals such as 
octylphenyl, noDnylphenyl, dodecylphenyl, tolyl, xylyl and the like; and 
cycloalkyl radiccals such as cyclopentyl, cyclohexyl, cyclohexylethyl 
and the like. TThe permissible hydrocarbon residues may contain 
fluorine, siliconn, or other non-carbon atoms. 

Prereferably, the substituted and unsubstituted 
hydrocarbon ressidues are selected from alkyl and aryl radicals which 
contain from abbout 1 to 30 carbon atoms or greater. More preferably, 
the alkyl radicakls contain from 1 to 18 carbon atoms, while the aryl, 
arylalkyl, alkyldaryl and cycloalkyl radicals preferably contain from 6 
to 18 carbon atomns or greater. 

In 1 a preferred embodiment of this invention, Rj, R2, R7 
and Rg can individually be a hydrocarbon radical represented by the 
formula: 

R 16 -(OCH 2 )h 
\ 

Rl8" (iii) 
/ 

R 17 -(OCH2)i 
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wherein Rig andd R17 are as defined for Ri, R2, R7 and Rg above, h 
and i are the sattme or different and are a value of 0 or 1, and Rig is as 
defined for R3 ahbove. For compounds represented by formulae (i) and 

(ii), it is understood that each formula (iii) radical in a given 
compound may bbe the same or different and the Rig and/or R17 

groups may thenmselves be a formula (iii) radical to provide complex 
hydrophobes of a a dendritic or of a cascading nature as described 
below. Further, ^ R4, R5, Rio and R13 can individually be a 

hydrocarbon raddical represented by the formula: 



-CH[(ORi9)j)jOR20]- 



(iv) 



wherein R19 is aas defined for R4, R5, Rio and R13 above, R20 is as 
defined for Rg, RRn and R14 above, and j is a value of 0 or greater. 

Uluustrative ionic substituents for Rg, Rn, R14 and R20 

include cationic : and anionic substituents such as sulfates, 
sulfonates, phospphates, carboxyls and the like. Rg, Rji, R14 and R20 

may preferably I be an organic residue containing 1 or more hydroxyls 
or nitrogen derivatives or epoxides or other reactive groups which 
may or may not t contain unsaturation. 

Othher illustrative terminal groups which are described 
by Rg, R11, R14 1 and and R20 include, for example, hydrocarbon 

residues which r may contain allylic or vinylic unsaturation, acrylic or 
methacrylic funactionality, styryl or alpha-methylstyryl functionality, 
and the like, suach as the reaction product between the terminal 
alcohol (Rg, Kin, R14 and R20 = H) and glycidyl methacrylate, 

isocyanatoethyl I methacrylate, alpha, alpha-dimethyl-m-isopropenyl 
benzyl isocyanahte (m-TMI), and the like. Other examples of terminal 
groups may inchlude hydrocarbon residues of alkyl, aryl, aralkyl, 
alkaryl, and cyclcloalkyi radicals which may or may not be substituted 
with one or morre of the following: hydroxyl, carboxyl, isocyanato, 
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amino, mono- oor disubstituted amino, quaternary ammonium, 
sulfate, sulfonaate, phosphate, epoxy, and the like and may or may not 
contain other nnon-carbon atoms including silicon or fluorine. Also 
included can bee divalent siloxy radicals. Other nonhydrocarbon 
terminal groupps may include sulfates, phosphates, and the like. 

Illilustrative divalent hydrocarbon residues represented 
by R3, R4, R5, BR9, Rio> Rl2> Rl3> R 15> R 18 R19 in the above 
formulae includde substituted and unsubstituted radicals selected 
from alkylene, , -alkylene-oxy-alkylene-, -arylene-oxy-arylene-, 
arylene, alicychlic radicals, phenylene, naphthylene, -phenylene- 
(CH2) m (Q) n (CEH2) m -phenylene- and -naphthylene- 
(CH2)m(Q)n^CrH2) m -naphthylene- radicals, wherein Q individually 
represents a suubstituted or unsubstituted divalent bridging group 
selected from -CCR2iR22-> -0-, -S-, -NR23-, -SiR24R25- and -CO-, 
wherein R21 annd R22 individually represent a radical selected from 
hydrogen, alkyirl of 1 to 12 carbon atoms, phenyl, tolyl and anisyl; R23> 
R24 and R25 inndividually represent a radical selected from hydrogen 

and methyl, anad each m and n individually have a value of 0 or 1. 
More specific illilustrative divalent radicals represented by R3, R4, R5, 
R£)> RlO> R 12> HRl3> R 15> R 18 ^d R 19 include, e.g., 1,1-methylene, 1,2- 
ethylene, 1,3-pnropylene, 1,6-hexylene, 1,8-octylene, 1,12-dodecylene, 
1,4-phenylene, , 1,8-napthylene, l,l , -biphenyl-2,2'-diyl, 1,1-binaphthyl- 
2,2'-diyl, 2,2'-bbinaphthyl-l,l , -diyl and the like. The alkylene radicals 
may contain frcrom 2 to 12 carbon atoms or greater, while the arylene 
radicals may cocontain from 6 to 18 carbon atoms or greater. 
Preferably, R3, ;, R4, R5, R9, Rio, Ri2> Rl3> R 15> R 18 and R19 are an 
alkylene or aryylene radical. The permissible divalent hydrocarbon 
residues may c contain fluorine, silicon, or other non-carbon atoms. 

Illilustrative trivalent hydrocarbon residues represented 
by R3, R9, R12 > and Rig in the above 
formulae incluade substituted and unsubstituted 
radicals selected from)CH-,)C(R26>-vCR27- and the 
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like, wherein R286 * s a substituted or unsubstituted monovalent 
hydrocarbon resiridue as described herein and R27 is a substituted or 
unsubstituted dhivalent hydrocarbon residue as described herein. 

Of acourse, it is to be further understood that the 
hydrocarbon residdues in the above formulae may also be substituted 
with any permisssible substituent. Illustrative substituents include 
radicals containinng from 1 to 18 carbon atoms such as alky], aryl, 
aralkyl, alkaryl a and cycloalkyl radicals; alkoxy radicals; silyl 
radicals such as - -Si(R28)3 and -Si(OR28)3> amino radicals such as 
-N(R28)2i acyl raadicals such as -C(0)R28J aqyloxy radicals such as 
-OC(0)R28J carboonyloxy radicals such as -COOR28; amido radicals 
such as -C(0)N(RR28)2 and -N(R28)COR28J sulfonyl radicals such as 
-SO2R28; sulfinylyl radicals such as -SO(R28)2i thionyl radicals such 
as -SR28; phosphhonyl radicals such as -P(0)(R28)2i as well as 
halogen, nitro, cjcyano, trifluoromethyl and hydroxy radicals and the 
like, wherein eaclch R28 can be a monovalent hydrocarbon radical 

such as alkyl, aryyl, alkaryl, aralkyl and cycloalkyl radicals, with the 
provisos that in aamino substituents such as -N(R28)2> ea ch R28 taken 
together can also 0 compromise a divalent bridging group that forms a 
heterocyclic radidcal with the nitrogen atom, in amido substituents 
such as -C(0)N(REt28)2 and -N(R28)COR28» each R28 bonded to N can 
also be hydrogen^, and in phosphonyl substituents such as 
-P(0)(R28)2» one * ^28 0311 hydrogen. It is to be understood that each 
R28 group in a pparticular substituent may be the same or different. 
Such hydrocarbonn substituent radicals could possibly in turn be 
substituted with 1 a permissible substituent such as already herein 
outlined above. 

Prefiferred alkylene oxides which can provide random or 
block oxyalkylenae touts in the complex hydrophobe compounds 
represented by fabrmulae (i) and (ii) include alkylene oxides such as 
ethylene oxide, ppropylene oxide, 1,2-butylene oxide, 2,3-butylene 
oxide, 1,2- and 2,2,3-pentylene oxide, cyclohexylene oxide, 1,2-hexylene 
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oxide, 1,2-octyleiene oxide, 1,2-decylene oxide, and higher alpha-olefin 
epoxides; epoxidjdized fatty alcohols such as epoxidized soybean fatty 
alcohols and epooxidized linseed fatty alcohols; aromatic epoxides 
such as styrene 5 oxide and 2-methylstyrene oxide; and hydroxy- and 
halogen-substitttuted alkylene oxides such as glycidol, epichlorohydrin 
and epibromohyydrin. The preferred alkylene oxides are ethylene 
oxide and propylene oxide. Also included can be hydrocarbon 
residues from suubstituted and unsubstituted cyclic esters or ethers 
such as oxetane e and tetrahydrofuran. It is understood that the 
compounds represented by formulae (i) and (ii) herein can contain 
random and/or t block oxyalkylene units as well as mixtures of 
oxyalkylene unitits. It is further understood that each R4, R5, R10, 
Rl3 and R19 grcroup in a particular substituent for all positive values 
of x, y, f, g and j j respectively can be the same or different. 

Thae values of x, y, z, f, g and j are not narrowly critical 
and can vary ower a wide range. For example, the values of x, y, z, f, 
g and j can rangge from 0 to about 200 or greater, preferably from 
about 0 to about 1 100 or greater, and more preferably from about 0 to 
about 50 or greaater. Any desired amount of alkylene oxide can be 
employed, for exxample, from 0 to about 90 weight percent or greater 
based on the weeight of the complex hydrophobe compound. 

Refiferring to the general formulae (i) and (ii) above, it is 
appreciated thafet when Ri, R2, R7 and/or Rg are a hydrocarbon 

residue of formuulae (iii) above, the resulting compound may include 
any permissible e number and combination of hydrophobic groups of 
the dendritic or r cascading type. Such compounds included in the 
above general forbrmulae should be easily ascertainable by one skilled 
in the art. 

In i a preferred embodiment of this invention, the 
structure shownn in formula (iii) can be a residue of the reaction 
product betweenn epichlorohydrin and an alcohol, including those 
alcohols whose 1 residues can be described by formula (iii), or a 
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phenolic, or a nmixture thereof. The structures which result can be 
described as conmplex hydrophobes of a dendritic or of a cascading 
nature. Pictoriaally, they can be described as shown below: 



nillustrative starter components useful for making the 
complex hydropbhobe compounds of this invention include those 
compounds haviring active hydrogens such as alcohols (mono-, di- and 
polyhydric alcohhols), phenols, carboxylic acids (mono-, di- and 
polyacids), and s amines (primary and secondary). Frequently, the 
organic compounnds contain up to about 100 or 150 carbons (in the 
case of polyol po'olymers) and can contain aliphatic and/or aromatic 
structures. Mostst often, the starter compounds are selected from the 
group of mono-, c di- and trihydric alcohols having up to about 30 
carbon atoms or r greater. The organic compounds having active 
hydrogens can bbe the product of hydroformylation/hydrogenation 
reactions. Otheer useful starters can include the reaction products 
between epichlor>rohydrin and the above mentioned starter 
compounds. 
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PParticularly preferred starter alcohols are primary 

and secondary i monohydric alcohols which are branched chain such 

as ethanol, proppanol, butanol, pentanol, hexanol, heptanol, octanol, 

nonanol, decanciol, undecanol, dodecanol, tridecanol, tetradecanol, 

pentadecanol, hhexadecanol, octadecanol, isopropyl alcohol, 2- 

ethylhexanol, ssec-butanol, isobutanol, 2-pentanol, 3 -pentanol and 

isodecanol. Panrticularly suitable alcohols are linear and branched 

primary alcohobls (including mixtures) such as produced by the 
"Oxo" reaction oof Cg to C 2 q olefins. The alcohols may also be 

cycloaliphatic sBuch as cyclopentanol, cyclohexanol, cycloheptanol, 
cyclooctanol, ass well as aromatic substituted aliphatic alcohols such 
as benzyl alcoheiol, phenylethyl alcohol, and phenylpropyl alcohol. 
Other aliphatic c structures include 2-methoxyethanol and the like. 

PPhenols include alkylphenyls of up to 30 carbons such 
as phenol, metbhylphenol, ethylphenol, butylphenol, heptylphenol, 
octylphenol, nonnylphenol, dinonylphenol and decylphenoL The 
aromatic radicaals may contain other substituents such as halide 
atoms. 

AAlcohols (polyols) having 2 or more hydroxyl groups, 
e.g., about two t to six hydroxyl groups and have 2 to 30 carbons, 
include glycols j such as ethylene glycol, propylene glycol, butylene 
glycol, pentylenne glycol, hexylene glycol, neopentylene glycol, 
decylene glycol, I, diethylene glycol, triethylene glycol and dipropylene 
glycol. Other ppolyols include glycerine, 1,3-propanediol, 
pentaerythritol,l, galactitol, sorbitol, mannitol, erythritol, 
trimethylolethaane and trimethylolpropane. 

TThe complex hydrophobe compounds can be prepared 
using a numbenr of different methods. Three methods are described 
below, but syntlthesis of these structures is not limited to just these 
methods. 

TThe first method involves reaction of an unsubstituted 
or substituted a alcohol or phenol, such as nonylphenol for example, 
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with an epoxide-e-containing hydrocarbon residue, such as 
nonylphenol glycrcidyl ether. The reaction can be carried out under 
anhydrous condititions in the presence of at least 0.1 weight % but not 
more than 20 weieight % of a suitable catalyst based on the starting 
weight of alcohobl or phenol. Such a suitable catalyst can be, for 
example, potassirium hydroxide. Use of a suitable azeotr oping solvent, 
such as toluene < or cyclohexane, can aid in removal of water from the 
system. The reaaction temperature should be at least about 60°C and 
at most the boilinng point of the solvent, unless the reaction is done 
under pressure. . The reaction can be carried out under vacuum or in 
the absence of a t solvent. The catalyst and the alcohol can be added to 
the solvent, and i essentially all water can be removed, typically 
through azeotropping. Once the reaction temperature is reached, the 
epoxide can be addded. The product can be isolated by removal of 
solvent. An exanmple of this type of procedure for producing a 
complex hydropbhobe is described in Example 1. 

A i second method involves reaction of a polymerizable 
cyclic ether, suchh as an epoxide, with a suitable polymerization 
catalyst like bonron trifluoride in the presence of an initiating alcohol 
or phenol, referre-ed to as the starter. The reaction can be done in a 
suitable polymenrization solvent such as cyclohexane, which can be 
dried prior to pofolymerization/oligomerization through its azeotrope. 
The reaction cana be carried out in the absence of a solvent. In a 
typical preparation, the catalyst, usually added at a level of from 0.1 
mole % to 50 moble %, preferably from 0.1 mole % to 10 mole % based 
on the starting eppoxide, and the starter, usually added at a level of 
from 5-0 mole % t to 100 mole %, preferably from 5.0 mole % to 50 mole 
%, based on the s starting epoxide, can be added to the solvent. The 
reaction temperaature can be as low as -78°C to as high as the reflux 
temperature of tithe solvent at atmospheric pressure, but more 
preferably from 2 25°C to 75°C. The cyclic ether can then be added to 
the catalyst solutition and polymerized. An example of this type of 
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procedure for pnroducing a complex hydrophobe is described. in 
Example 5. 

A i third method involves the reaction of an . 
unsubstituted or>r substituted alcohol or phenol, such as nonylphenol 
or hexadecanol, , with a functional epoxide, such as epichlorohydrin. 
The starting alccohol or phenol can be added to a suitable reaction 
solvent, such as s toluene, along with potassium hydroxide, a 
tetraalkyl ammaonium halide, such as tetraethylammonium iodide, 
and water. The 5 reaction can be carried out in the absence of a 
solvent. The reaaction temperature can be regulated at about 65°C at 
which time the € epichlorohydrin can be added. Varying the amount 
of epichlorohydririn and other ingredients can result in the formation 
of various dendriritic-like molecules. An example of this type of 
procedure for proroducing a complex hydrophobe is described in 
Example 8. 

Tl?he alkoxylation is conducted using a catalytically- 
effective amount t of a catalyst, e.g., about 0.01 to 10, often about 0.5 to 
5, weight percennt based on the weight of a starter component, e.g., a 
complex hydropbhobe compound having at least one active hydrogen. 
The catalysts shhould retain their activities during the alkoxylation, 
regardless of thee amount of alkylene oxide employed. Thus, the 
amount of catalyyst can be based on the amount of starter provided to 
the alkoxylation i zone and not the degree of alkoxylation to be effected. 

Illllustrative alkoxylation catalysts useful in this 
invention includde, for example, potassium hydroxide, 
diethylaluminumn fluoride, oxides and hydroxides of barium and 
strontium, basic c salts of alkaline earth metals especially calcium, 
calcium oxide (qquicklime), calcium hydroxide (slaked line), calcium 
sulfate, and the 1 like. Preferred catalysts for obtaining alkoxylation 
product mixtureies having a narrow molecular weight distribution are 
disclosed in U.S. J. Patent 4,754,075, the disclosure of which is 
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incorporated hertrein by reference. This invention is not intended to be 
limited in any rrmanner by the permissible catalysts. 

Ntformally, the catalyst and the starter component are 
admixed and theen the alkylene oxide is added at the reaction 
temperature untitil the desired amount of alkylene oxide has been 
added, then the ) product is neutralized and can be finished, if desired, 
in any procedures including stripping unreacted starter material 
from the producfct mixture, filtration, or further reaction. 

TPhe temperature of the alkoxylation is sufficient to 
provide a suitabble rate of reaction and without degradation of the 
reactants or reaaction products. Often, the temperatures range from 
between about 500°C and 270°C, e.g. from about 100°C to 200°C. The 
pressure may aldso vary widely, but when low-boiling alkylene oxides 
such as ethylene e oxide and propylene oxide are employed, a 
pressurized reaactor is preferably used. 

TEhe alkoxylation reaction medium is preferably 
agitated to ensunre a good dispersal of the reactants and catalyst 
throughout the r reaction medium. Also, the alkylene oxide is usually 
added at a rate a approximating that which it can be reacted. 

Neutralization may assist in the recovery of the 
catalyst from thae alkoxylation product mixture. When neutralizing, 
acids that may totend to form catalyst-containing gel structures or 
solids that clog fifiltering apparatus should be avoided. Conveniently, 
sulfuric acid, phhosphoric acid, propionic acid, benzoic acid and the 
like are used. 

THhe above procedure represents but one of many 
equally viable ve«rsions of suitable alkoxylation processes. Other 
versions are posssible through combinations of the options available in 
the various proceess steps. 

TWhe catalytic alkoxylation reactions of this invention 
can be effected, fifor example, by conventional methods such as (1) 
batch processes; 5 (2) continuous fixed-bed processes; and (3) 
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continuous fluiddized reactor processes. In a batch reactor, the 

catalyst is kept t suspended in the reactant by shaking or stirring. In 

a fluidized reacictor, the catalyst is at a particular original level. As 

the velocity of tithe reactant stream is increased, the catalyst bed 

expands upwarcrd to a second level, and at a critical velocity it enters 

into violent turlrbulence. The fluidized reactor is particularly useful 

for removing orr supplying the heat necessary to maintain a fixed 

catalyst temperjrature. The fluidized reactor can usually be employed 

only on a ratheier large scale since good fluidization requires a reactor 

larger than aboout 1.5 inches in diameter. 

AAs indicated above, the end groups described by R g , 

Rjj, R 14 and RR 2 0 0311 be a varie *y °* structures including sulfates. 

The sulfation ofaf a hydroxyl containing end group can be carried out 
using one of se^everal methods, such as with SOg or sulfamic acid. 

I In the sulfation reaction using sulfamic acid, a 
complex hydropphobe alkoxylate, for example ethoxylated 1,3- 
bis(nonylpheno»xy)-2-propanol, is dried at high temperature, at or 
about 100°C four example, and low pressure, at or below 50 mm Hg for 
example. The e ethoxylate is cooled to a reaction temperature at or 
about 60°C, for r example, and sulfamic acid is charged. The reaction 
temperature is i kept at or about 110°C. Once the reaction is complete, 
an amount of a a mono- or disubstituted alkanolamine can be added to 
remove residuaal acid, and prevent hydrolysis upon introduction of 
water. A dilutdfcing solvent, such as ethanol and/or water, can be 
added along winth the alkanolamine. An example of a preparation of 
a sulfate using g sulfamic acid is shown in Example 11. 

T The alkoxylation products produced by the alkoxylation 
processes of thhis invention, including the complex hydrophobe 
compounds hawving at least one active hydrogen, can undergo further 
reaction(s) to akfford desired derivatives thereof. Such permissible 
derivatization i reactions can be carried out in accordance with 
conventional pnrocedures known in the art. Illustrative derivatization 
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reactions includde, for example, esterification, etherification, 
amination, alkylylation, hydrogenation, dehydrogenation, reduction, 
acylation, condeiensation, carboxylation, oxidation, silylation and the 
like, including ppermissible combinations thereof. This invention is 
not intended to t be limited in any manner by the permissible 
derivatization redactions or permissible derivatives of alkoxylation 
products and coiomplex hydrophobe compounds. 

MVlore particularly, the hydroxyl-terminated 
alkoxylation pro oducts and complex hydrophobe compounds of this 
invention can unndergo any of the known reactions of hydroxyl groups 
illustrative of wfrhich are reactions with acyl halides to form esters; 
with ammonia, i a nitrile, or hydrogen cyanide to form amines; with 
alkyl acid sulfatxtes to form disulfates; with carboxylic acids and acid 
anhydrides to fonrm esters and polyesters; with alkali metals to form 
salts; with ketennes to form esters; with acid anhydrides to form 
carboxylic acids;s; with oxygen to form aldehydes and carboxylic acids; 
ring-opening reeactions with lactones, tetrahydrofuran; 
dehydrogenationn to form aldehydes, isocyanates to form urethanes, 
and the like. 

Alkkoxylation product mixtures prepared by the 
processes of this.s invention comprise alkoxylation species that can be 
represented by tithe formulae (i) and/or (ii) above. The alkoxylation 
product mixturees of this invention can be characterized as the 
condensation reeaction products of alkylene oxides and complex 
hydrophobe comnpounds having at least one active hydrogen in which 
the mole ratio of rf reacted alkylene oxide per active hydrogen is at least 
about 4, say, abotmt 4 to 16 or 24, preferably about 5 to 12. The product 
mixtures can ha-ave at least one alkoxylation moiety which constitutes 
at least about 100, say, about 20 to 30 or 40, and most often about 20 to 
30, weight perceent of the composition. The alkoxylation mixtures of 
this invention ahlso can have a relatively symmetrical distribution. 
Hence, the porticion of the product mixture having three or more 
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oxyalkylene uniiit groups (per active hydrogen site of the complex 
hydrophobe comnpound) than the peak alkoxylation specie is relatively 
minor, e.g., ofteien less than about 12, say, less than 10, and often 
about 1 to 10, wweight percent of the mixture. Similarly, the 
alkoxylation sppecies having fewer oxyalkylene groups (per active 
hydrogen site ofcf the complex hydrophobe compound) by three or more 
oxyalkylene grooups from the average peak alkoxylation species is 
usually relatively minor, e.g., less than about 15, say, less than about 
10, often about C 0.5 to 10, weight percent of the composition. 
Generally, the c one oxyalkylene unit higher and the one oxyalkylene 
unit lower alko»xylates in respect to the most prevalent alkoxylation 
specie are preseent in a weight ratio to the most prevalent alkoxylation 
specie of about 00.6:1 to 1:1. 

TThe nonionic surfactant compounds encompassed by 
formulae (i) andd (I) may be converted to anionic surfactant 
compounds by c chemically modifying a terminal or pendant hydroxyl 
group thereof. < One such approach includes the steps of reacting the 
nonionic surfaclctant compounds encompassed by formulae (i) and (I) 
with sulfuric aacid or sulfamic acid and then optionally converting the 
resulting free sculfate esters (when sulfuric acid is used) or 
ammonium saltlts (when sulfamic acid is used) into corresponding 
alkali metal or r alkanolamine salts such as monoethanolamine by 
conventional pDrocedures. 

AAnother approach includes the steps of reacting the 
nonionic surfaclctant compounds encompassed by formulae (i) and (I) 
with phosphoruus pentoxide or phosphorus oxychloride and then 
optionally converting the resulting free phosphate esters into 
corresponding s salts with alkali metal, ammonium or alkanolamine 
salts whereby mnixtures of mono-esters and di-esters are obtained. 
These mixtures s may be used as an anionic surfactant without being 
isolated into thaeir constituents. 
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A fuurther approach includes the steps of reacting the 



nonionic surfacfatant compounds encompassed by formulae (i) and (I) 
with maleic anhtiydride, reacting resultant maleate esters with an 
alkali metal bisuulfite and then optionally converting the resulting 
alkali metal sulflfosuccinates into corresponding free acids or 
ammonium or aklkanol amine salts. When at least one mole of maleic 
anhydride is use ed relative one mole of the compounds of the formula 
(i) and (I) in the e above reaction, mixtures of half ester isomers having 
a sulfo group attitached to either alpha or beta position relative to the 
terminal carboxyyl group. These mixtures may also be used as an 
anionic surfactannt without isolation. Conversely, when at least two 
moles of the comnpounds of the formulae (i) and (I) are reacted with 
one mole of maldeic anhydride, di-esters are obtained. 

Prefeferred macromonomer compounds useful in this 
invention includde those represented by the formulae: 



R 1 — (OR 2 )z OC(O)— NH— C(CH 3 ) 2 




!(CH 3 )=CH 2 



(XII) 



R4 



Rl-(OR 2 ) z -CH 2 OCHCH20CH2C=CH2 
I I 

(QORi 9 )jOH 



(xni) 
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R4 
I 

Rl - (0R2) Z . OOC(OVC=CH 2 (XIV) 

wherein R 1 , R 2 . 2 , R 4 , R19, z and j are as defined herein. 

Thhe macromonomer compounds useful in this invention 
can undergo funrther reaction(s) to afford desired derivatives thereof. 
Such permissibble derivatization reactions can be carried out in 
accordance witlth conventional procedures known in the art. 
Illustrative denrivatization reactions include, for example, 
esterification, eetherification, alkoxylation, ami nation, alkylation, 
hydrogenation, 1, dehydrogenation, reduction, acylation, condensation, 
carboxylation, c oxidation, silylation and the like, including 
permissible comnbinations thereof. In an embodiment of this 
invention, the 1 macromonomers can contain carboxyl or other ionic or 
acid moieties. 1 This invention is not intended to be limited in any 
manner by the * permissible derivatization reactions or permissible 
derivatives of 1 macromonomer compounds. 

Mdore particularly, the hydroxyl-terminated 
macromonomerr compounds of this invention can undergo any of the 
known reactionns of hydroxyl groups illustrative of which are 
reactions with 1 acyl halides to form esters; with ammonia, a nitrile, 
or hydrogen cy^anide to form amines; with alkyl acid sulfates to form 
disulfates; withh carboxylic acids and acid anhydrides to form esters 
and polyesters; ;; with alkali metals to form salts; with ketenes to form 
esters; with acicid anhydrides to form carboxylic acids; with oxygen to 
form aldehydesjs and carboxylic acids; ring-opening reactions with 
lactones, tetrahhydrofuran; dehydrogenation to form aldehydes, 
isocyanates to f form urethanes, and the like. 

Thhe monoethylenically unsaturated macromonomer 
component is sisubject to considerably variation within the formula 
presented previously. The essence of the maromonomer is a complex 
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hydrophobe carrrying a polyethoxylate chain (which may include 
some polypropox^ylate groups) and which is terminated with at least 
one hydroxy grouup. When the hydroxy-terminated polyethoxylate 
complex hydropbhobe used herein is reacted with a monoethylenically 
unsaturated monnoisocyanate, for example, the result is a 
monoethylenicalllly unsaturated urethane in which a complex 
hydrophobe polyyethoxylate structure is associated with a 
copolymerizable 2 monoethylenic group via a urethane linkage. 

Thee monoethylenically unsaturated compound used to 
provide the monnoethylenically unsaturated macromonomer is 
subject to wide v variation. Any copolymerizable unsaturation may be 
employed, such i as acrylate and methacrylate unsaturation. One 
may also use alljlylic unsaturation, as provided by allyl alcohol. 
These, preferabbly in the form of a hydroxy-functional derivative, as is 
obtained by reacicting a C2-C4 monoepoxide, like ethylene oxide, 

propylene oxide * or butylene oxide, with acrylic or methacrylic acid to 
form an hydroxyy ester, are reacted in equimolar proportions with an 
organic compounnd, such as toluene diisocyanate or isophorone 
diisocyanate. TThe preferred monoethylenic mpnoisocyanate is styryl, 
as in alpha, alpbha-dimethyl-m-isopropenyl benzyl isocyanate. Other 
suitable organicic compounds include, for example, monoethylenically 
unsaturated esttters, ethers, amides, ureas, anhydrides, other 
urethane s and tthe like. 

Thae polymers of this invention can be prepared via a 
variety of polymnerization techniques known to those skilled in the art. 
The technique 0 of polymerization influences the microstructure, 
monomer sequeence distribution in the polymer backbone and its 
molecular weighfht to influence the performance of the polymer. 
Illustrative polymerization techniques include, for example, 
conventional annd staged emulsion polymerization via batch, semi- 
continuous, or < continuous processes, micellar polymerization, 
inverse emulsio.on polymerization, solution polymerization, non- 
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aqueous dispenrsion polymerization, interfacial polymerization, 
emulsion polyinnerization, suspension polymerization, precipitation 
polymerizationn, addition polymerizations such as free radical, 
anionic, cationhic or metal coordination methods, and the like. 

TKhe thickeners of this invention possess structural 
attributes of twwo entirely different types of thickeners (those which 
thicken by pH I dependent solubilization, e.g., alkali solubilization, of a 
high molecularir weight entity, and those which thicken due to 
association), annd this may account for the superior thickener 
properties whidch are obtained herein. 

TKhe aqueous emulsion copolymerization is entirely 
conventional. *] To obtain an estimate of thickening efficiency, the 
product can be i diluted with water to about 1% solids content and then 
adjust the pH t to solubilize the polymer or neutralized with alkali. 
The usual alkaali is ammonium hydroxide, but sodium and 
potassium hyddroxide, and even amines, like triethylamine, may be 
used for neutralization. The usual acid is sulfuric acid, acetic acid 
and the like. AAfter neutralization or adjustment to appropriate pH, 
the product distssolves in the water to provide an increase in the 
viscosity. In tkhe normal mode of addition, the unsolubilized or 
unneutralized t thickener is added to a paint and then the pH is 
adjusted or neuutralized. This facilitates handling the thickener 
because it has * a lower viscosity before pH adjustment or 
neutralization, i. This procedure also makes more water available for 
the paint formuulation. 

TKhe polymers of this invention are preferably produced 
by conventionaal aqueous emulsion polymerization techniques, using 
appropriate enmulsifiers for emulsifying the monomers and for 
maintaining thhe polymer obtained in a suitable, dispersed condition. 
Commonly useed anionic surfactants such as sodium lauryl sulfate, 
dodecylbenzenae sulfonate and ethoxylated fatty alcohol sulfate can be 
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used as emulsififiers. The emulsifier may be used in a proportion of 
1/2 to 6% of the 2 weight monomers. 

Pre-eferably, water-soluble initiators such as alkali metal 
or ammonium ppersulfate are used in amounts from 0.01 to 1.0% on 
the weight of mnonomers. A gradual addition thermal process 
employed at tenmperatures between 60°C to 100°C is preferred over 
redox systems. . 

Thae polymerization system may contain small amounts 
(0.01 to 5% by wweight, based on monomer weight) of the chain 
transfer agent r mercaptans such as hydroxyethyl mercaptan, B- 
mercaptopropionnic acid arid alkyl mercaptans containing from about 
4 to 22 carbon a atoms, e.g., ethyl hexyl mercapto propionate and 
tertiary dodecyH mercaptan, and the like. The use of mercaptan 
modifier reducees the molecular weight of the polymer and therefore 
its thickening efficiency. 

Thae polymers of this invention may further be modified 
by introducing a an amount of component (D), namely, one or more 
polyethylenicallily unsaturated copolymerizable monomers effective 
for crosslinkingg, such as diallylphthalate, divinylbenzene, allyl 
methacrylate, titrimethylol propane triacxylate, ethyleneglycol 
diacrylate or dirimethacrylate, 1,6-hexanediol diacrylate or 
dimethylacrylatxte, diallyl benzene, and the like. Thus, from about 
0.05 or less to ahbout 20% or greater of such polyethylenically 
unsaturated conmpound based on total weight of monomer may be 
included in the s composition forming the polymer. The resulting 
polymers are eitither highly branched or in the form of three- 
dimensional nefetworks. In the neutralized salt form, those networks 
swell in an aquaeous system to act as a highly efficient thickener. 

Otlther illustrative polyethylenically unsaturated 
monomers usefiful in this invention include, for example, any 
copolymerizablele compound which contains two or more 
nonconjugated i points of ethylenic unsaturation or two or more 
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nonconjugated \ vinylidene groups of the structure, CH2=C=, such as 
divinyltoluene, , trivinylbenzene, divinylnaphthalene, trimethylene 
glycol diacrylatcte or dimethacrylate, 2-ethylhexane-l,3- . 
dimethyacrylatrte, divinylxylene, divinylethylbenzene, divinyl ether, 
divinyl sulfone,*, allyl ethers of polyhdric compounds such as of 
glycerol, pentaaerythritol, sorbitol, sucrose and res or cinol, 
divinylketone, c divinylsulfide, allyl acrylate, diallyl maleate, diallyl 
fumarate, dialhlyl phthalate, diallyl succinate, diallyl carbonate, 
diallyl malonat<te, diallyl oxalate, diallyl adipate, diallyl sebacate, 
diallyl tartrate^, diallyl silicate, triallyl tricarballylate, triallyl 
aconitate, triallllyl citrate, triallyl phosphate, N,N- 
methylenediacicrylamide, N,N'-methylenedimethacrylamide, N,N'- 
ethylidenediaccrylamide and l,2-ch-(a-methylmethylenesulfonamide)- 
ethylene. 

Thhe polymer may be utilized in a variety of ways to 
provide the thidckener or thickened compositions of this invention. 
For example, tithe polymer, while in aqueous dispersion or dry form, 
may be blendedd into an aqueous system to be thickened followed by 
addition of a pbH adjusting agent, e.g., neutralising agent. 
Alternatively, tthe polymer may first be solubilized or neutralized in 
aqueous disperirsion form and then blended with the aqueous system. 
Preferably, if ccco-thickening by a surfactant is desired, the 
components arere separately blended (as dry components or as 
dispersions or s slurries) into an aqueous dispersion to be thickened, 
followed by thee pH adjustment step, e.g., neutralization step. 
Although aqueeous concentrates of the polymer in unsolubilized form, 
e.g., in acid fonrm, and the surfactant may be formed and added to an 
aqueous disperarsion to be thickened as needed, followed by pH 
adjustment, e.g.g., neutralization, such concentrates tend to be too 
viscous for easyy handling. It is nevertheless possible to prepare 
either a dry bldend or an aqueous, high solids composition which is 
sufficiently loww in viscosity as to be pumpable or pourable, and then to 
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further thickenn the admixture by addition of alkaline or acidic 
materials. 

TFhe polymer thickener may be provided in a dry state in 
number of wayys. For example, the unsolubilized polymer may be 
spray or drum a dried and, if desired, blended with a surfactant co- 
thickener. Ho\>wever, it is also possible to spray dry or otherwise 
dehydrate the 5 solubilized polymer thickener, and then reconstitute 
the aqueous thhickener dispersion at a future time and place by 
agitation in a £ aqueous medium, provided the pH of the dispersion is 
maintained at t an appropriate value, e.g., at pH 7 or higher for 
neutralizations 

TFhe more usual method of application of the dispersion 
of this inventioion for aqueous thickening is to add the aqueous 
dispersion of tithe poisoner to the medium to be thickened and, after 
mixing, to intrtroduce an alkaline or acidic material to ionize 
component (A)J. The major portion of the thickening effect is usually 
obtained in a ftfew minutes upon pH adjustment. In the presence of 
high concentrations of electrolytes, the viscosity development may 
take much longLger. This method of applying a polymer to an aqueous 
system before j pH adjustment enables one to handle a high solids 
thickener in a 1 non-viscous state, to obtain uniform blend, and then to 
convert to a higghly viscous condition by the simple addition of an 
alkalin e or aciddic material to bring the pH of the system to an 
appropriate vaalue. 

TFhe aqueous solutions thickened with the neutralized 
polymers of thiris invention exhibit good viscosity stability even at a pH 
as high as 13. The polymer may be used to thicken compositions 
under acidic coionditions in the presence of a relatively large amount 
of surfactants 1 wherein the thickened composition, for example, an 
aqueous systemn, has a pH below 7, even as low as 1. 

Ann enhancement of thickening (herein termed "co- 
thickening") caan result upon the addition of a surfactant to an 
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aqueous systenm containing the polymer of this invention, when the 
polymer is soluhbilized. In some cases the thickening can be 
enhanced up to 9 about 40 times the viscosity afforded by the solubilized 
polymer alone. . A wide range of surfactants may be used. Although 
trace amounts < of surfactant may be residually present from the 
polymerization l of the monomers comprising the polymer (for 
example, whatever may remain of the about 1.5 weight percent 
surfactant on mnonomers), such amounts of surfactant are not 
believed to resuult in any measurable co-thickening. 

Onn the basis of an aqueous system containing about 0.1 
to 5% by weighht of polymer solids, a useful amount of surfactant for 
optimum co-thicickening is about 0.1 to 1.0% by weight of the total 
system. As inddicated, the amounts of polymer and surfactant 
cothickener maay vary widely, even outside these ranges, depending 
on polymer andd surfactant type and other components of the aqueous 
system to be thhickened. However, the co-thickening can reach a 
maximum as suurfactant is added and then decreases as more 
surfactant is addded. Hence, it may be uneconomical to employ 
surfactant in anmounts outside the stated concentrations and 
polymer/surfacfctant ratios, but this can be determined in a routine 
manner in eacbh case. 

Thhe preferred method of application of the polymer and 
the surfactant f for aqueous thickening is to add in any sequence the 
polymer and thhe surfactant to the medium to be thickened and, after 
mixing, to introroduce an alkaline or acidic material to adjust the pH. 
This method of f applying polymer and surfactant to an aqueous 
system before ppH adjustment enables one to handle a high solids 
thickener in a r non-viscous state, to obtain a uniform blend, and then 
to convert to a 1 highly viscous condition by the simple addition of an 
alkaline or aciddic material to bring the pH of the system to an 
appropriate vahlue. However, the pH of the aqueous system may also 
be adjusted befcfore addition of the surfactant. 
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Thee surfactants which may be used include nonionics 
and anionics, siringly or in combination, the selection necessarily 
depending upon t compatibility with other ingredients of the thickened 
or thickenable diiispersions of this invention. Cationic and 
amphoteric surfsfactants may also be used provided they are 
compatible with i the polymer and other ingredients of the aqueous 
system, or are uased in such small amounts as not to cause 
incompatibility, . 

Suiti table anionic surfactants that may be used include 
the higher fatty r alcohol sulfates such as the sodium or potassium salt 
of the sulfates of»f alcohols having from 8 to 18 carbon atoms, alkali 
metal salts or axnnine salts of high fatty acid having 8 to 18 carbon 
atoms, and sulforbnated alkyl aryl compounds such as sodium dodecyl 
benzene sulfonatite. Examples of nonionic surfactants include 
alkylphenoxypoljlyethoxyethanols having alkyl groups of about 7 to 18 
carbon atoms anad about 9 to 40 or more oxyethylene units such as 
octylphenoxy-poblyethoxyethanols, dodecylphenoxypolyethoxy- 
ethanols; ethylenne oxide derivatives of long-chain carboxylic acids, 
such as lauric, mnyristic, palmitic, oleic; ethylene oxide condensates 
of long-chain alacohols such as lauryl or cetyl alcohol, and the like. 

Exaamples of cationic surfactants include lauryl 
pyridinium chlonride, octylbenzyltrimethyl-ammonium chloride, 
dodecyltrimethytylammonium chloride condensates of primary fatty 
amines and ethylene oxide, and the like. 

The e foregoing and numerous other useful nonionic, 
anionic, cationic,c, and amphoteric surfactants are described in the 
literature, such £ as McCutcheon s Detergents & Emulsifiers 1981 
Annual, North AAmerica Edition, MC Publishing Company, Glen 
Rock, NJ 07452,2, U.S.A., incorporated herein by reference. 

In ggeneral, solvents and non-solvents (or mixtures of 
solvents, non-soblvents other organics and volatiles) can be used to 
manipulate the v viscosity of polymer containing systems. In the 
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examples hereirin, it is interesting to note how mineral spirits act like 
co-thickener, annd how the water solubility of the other solvent 
influences how v much mineral spirits can be added before the 
solution separaates into a two phase system. The co-thickening with 
mineral spirits s has utility in textile printing pastes, and in 
waterborne autitomotive basecoats. These systems usually contain 
mineral spirits 5 (because of the pigments used therein), so that the 
mineral spirits s provide an economical way of increasing viscosity 
and improving * the efficiency of the thickener. 

Thhe amount of the polymer that may be dissolved in any 
given aqueous < composition may fall within a wide range depending 
on the particuldar viscosity desired. 

Thhus, although any effective amount of the polymer may 
be employed fonr dissolution, typically from about 0.05 to about 20%, 
preferably fromn about 0.1 to about 5%, and most preferably from about 
0.1 to about 3% h by weight, based on the weight of the final aqueous 
composition inacluding polymer is used. 

Foior latex paint compositions, the polymer may be 
dissolved thereisin in an amount of from about 0.05 to about 5%, and 
preferably fromn about 0.1 to about 3% by weight, based on the weight 
of the total conmposition including polymer. 

Thhe polymers of this invention may be employed as 
thickeners for c controlling viscosity of any aqueous based composition. 
An aqueous baased composition is an aqueous composition as herein 
defined to be a i composition wherein water comprises at least 10% by 
weight of the tccotal composition (including 100% water). 

Fo:or example, aqueous dispersions, emulsions, 
suspensions, soiolutions, slurries and the like, may be thickened by the 
polymers of thins invention. 

Tyypical aqueous compositions include compositions to be 
applied to textiUles such as latex adhesives, warp sizes, backings for 
rugs and other r pile fabrics. The polymer may also be used when 
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thickening is dessired in the purification of raw water such as the 
saline water useed in the recovery of oil from exhausted oil wells by 
water flooding techniques. Other aqueous coatings compositions to 
which the polynmer can be added for thickening purposes include 
drilling muds, cacaulks, adhesives, coating compositions such as 
paper coatings, 1 furniture finishes, ink compositions, latex paints, 
foundary core wjrashes, and the like. 

Prefeferably, the polymer is used to thicken aqueous 
coating composititions, and more preferably latex paint compositions. 
Examples of suititable latex paint compositions include those based on 
resins or bindera-s of acrylonitrile, copolymers of acrylonitrile wherein 
the comonomer i is a diene like isoprene, butadiene or chloroprene, 
homopolymers otof styrene, homopolymers and copolymers of vinyl 
halide resins suach as vinyl chloride, vinylidene chloride or vinyl 
esters such as vi/inyl acetate, vinyl acetate homopolymers and 
copolymers, copoolymers of styrene and unsaturated acid anydrides 
like maleic anhyydrides, homopolymers and copolymers of acrylic and 
methacrylic acidd and their esters and derivatives, polybutadiene, 
polyisoprene, butityl rubber, natural rubber, ethylene-propylene 
copolymers, olefifins resins like polyethylene and polypropylene, 
polyvinyl alcohobl, carboxylated natural and synthetic latices, epoxies, 
epoxy esters andd similar polymeric latex materials. 

Latrtex paint compositions are well known in the art and 
typically compririse an emulsion, dispersion or suspension of discrete 
particles of resinn binder and pigment in water. Optional ingedients 
typicaly include 2 thickeners, antifoam agents, plastidzers, 
surfactants, coahlescing agents, and the like. 

Thee polymers described herein are useful in a variety of 
aqueous systemas, such as textile coatings (woven and nonwoven), 
latex paint formnulations, cosmetic formulations, pigment 
dispersions and i slurries, dentrifrices, hand lotions, liquid 
detergents, quennchants, agricultural chemicals, concrete additives, 
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transmission flduids, waste water treatment (flocculants), turbulent 
drag reductions, aircraft anti-icing, automation coatings (OEM and 
refinish), archititectural coatings, industrial coatings and the like. 

Otlther applications include, for example, paper making, 
mineral processsing, brine viscosification, superabsorbency, 
enhanced oil reecovery, personal care products, biomedical, 
pharmaceutical and the like. 

TThe macromonomers of this invention are particularly 
useful as an emnulsifier in the emulsion or dispersion polymerization 
of ethylenicallyy unsaturated monomers. Examples of monomers 
include acrylic : monomers such as acrylic acid, methyl acrylate, 
butyl acrylate, 5 2 ethylhexyl acrylate, methyl methacrylate, 
acrylonitrile, aacrylamide and 2-hydroxethyl acrylate; aromatic 
monomers suchh as styrene and divinylbenzene; vinyl esters such as 
vinyl acetate; hhalogen-containing monomers such as vinyl chloride 
and vinylidene j chloride; conjugated diene monomers such as 
butadiene, isopprene and chloroprene; ethylene, maleic anhydride 
and methyl mahleate. 

AAny known initiator such as hydrogen peroxide, 
potassium persisulfate, azobisisobutyronitrile and benzoyl peroxide 
may be used in l the emulsion polymerization in combination with a 
known polymerirization promoter such as sodium bisulfite and 
ammonium ferrrous sulfate. 

TThe macromonomers of this invention may be used in 
an amount of 0.3.1 to 20%, preferably 0.2 to 5.0% by weight of the total 
monomers singljly or in combination with a conventional emulsifiers 
or protective coblloid. 

TThe resulting polymer emulsions or dispersion may be 
applied to woodds, metals, paper, textiles, and concrete structures as 
an adhesive, cojoating agent or reinforcing agent. 

TThe macromonomer compounds of this invention find 
use not only as s an emulsifier or dispersant of various materials such 
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as monomers in 1 the emulsion or suspension polymerization, waxes, 
dyes, pigments aand pesticides, but also as latex binders and as post- 
treating agents £ for textile materials and antistatic agents for plastic 
products. By thae use of the macromonomers of this invention, defects 
of conventional s surfactants remaining after use may be alleviated. 

Thee macromonomer compounds of this invention can be 
homopolymerizeed or copolymerized with conventional monomers via 
a variety of polyi/merization techniques known to those skilled in the 
art. The techniqque of polymerization influences the microstructure, 
monomer sequennce distribution in the polymer backbone and its 
molecular weighht to influence the performance of the polymer. 
Illustrative polyymerization techniques include, for example, 
conventional andd staged emulsion polymerization via batch, semi- 
continuous, or ccontinuous processes, inverse emulsion 
polymerization, t solution polymerization, non-aqueous dispersion 
polymerization, ; interfacial polymerization, emulsion polymerization, 
suspension polyymerization, precipitation polymerization, addition 
polymerizations 3 such as free radical, anionic, cationic or metal 
coordination mefethods, and the like. 

TFhe surfactant compounds of this invention can be 
used wherever tlthere is a need to increase surface activity. They are 
particularly valxiuable where process conditions demand the greatest 
efficiency from v water, e.g., in wetting, penetrating, emulsifying, 
lubricating and 1 dispersing. Illustrative applications include, for 
example, agriculilture, e.g., emulsifiers and wetters, herbicidal 
adjuvants and fifruit washes; cleaners, e.g., household detergents, dry 
cleaning detergejents, industrial hand cleaners, detergent/sanitizers, 
solvent degreaseers, metal cleaners, hard surface cleaners, 
commercial launndry detergents and car wash detergents; dust 
wetting, e.g., cooal mines, ceramic industries and foundries; leather, 
e.g., hidesoakin&g, degreasing, fatliquor stabilization, tanning and 
dyeing; paint, e.p.g., emulsion polymerization of latexes, latex 
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stabilization, pi;igment wetting and dispersion; paper, e.g., pulping, 
absorbent papenrs, de-inking waste water, wet-felt washing and 
adhesives; and i textiles, e.g., greige goods scouring, bleaching, 
carbonizing of *wool, scouring of cotton, wool and polyester/cotton 
blends, wetting j and re wetting agents, desizing of cotton and 
polyester/cottona blends, polyethylene softener emulsifiers, mineral oil 
and solvent emnulsifiers, fiber lubricant emulsifiers, emulsion 
polymerization, l, dyeing and finishing of synthetics, naturals and 
blends, dye levelling agents and resin bath additives. 

Addditionally, the compounds of this invention may be 
useful as components of sanitizing solutions for use on food 
processing equippment and utensils and on beverage containers, 
including milk t containers and equipment; emulsifiers and/or 
surface active apgents in the manufacture of articles or components of 
articles intendeed for use in producing, manufacturing, packing, 
processing, prepparing, treating, packaging, transporting or holding 
food; inert (or occasionally active) ingredients for use in formulations 
applied to growling crops or to raw agricultural commodities after 
harvest; and inaert (or occassionally active) ingredients for use in 
formulations appplied to animals. 

As s used herein, the term "complex hydrophobe" is 
contemplated too include all permissible hydrocarbon compounds 
having 2 or monre hydrophobe groups, e.g., bis-dodecylphenyl, bis- 
nonylphenyl, bias-octylphenyl and the like. 

Fonr purposes of this invention, the term "hydrocarbon" 
is contemplatedd to include all permissible compounds having at least 
one hydrogen annd one carbon atom. In a broad aspect, the 
permissible hyddrocarbons include acyclic and cyclic, branched and 
unbranched, caarbocyclic and heterocyclic, aromatic and 
nonaromatic org-ganic compounds which can be substituted or 
unsubstituted. 
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As uused herein, the term "substituted" is contemplated 
to include all penrmissible substituents of organic compounds unless 
otherwise indicated. In a broad aspect, the permissible substituents 
include acyclic aand cyclic, branched and unbranched, carbocyclic 
and heterocyclic,:, aromatic and nonaromatic substituents of organic 
compounds. Uluustrative substituents include, for example, alkyl, 
alkyloxy, aryl, anryloxy, hydroxy, hydro xyalkyl, amino, aminoalkyl, 
halogen and the i like in which the number of carbons can range from 
1 to about 20 or nmore, preferably from 1 to about 12. The permissible 
substituents can i be one or more and the same or different for 
appropriate orgaanic compounds. This invention is not intended to be 
limited in any mnanner by the permissible substituents of organic 
compounds. 

The 5 invention is illustrated by certain of the following 

examples. 

Example 1 

Prep^rflflpn pf l,3-gis(wny]iphgQ0XYVg-pr9P^nQl 
To aa five neck, two liter round bottom flask equipped with 
an addition funnnel, thermometer, nitrogen dispersant tube, 
mechanical stirreer, and a decanting head with a water-cooled 
condenser were aadded 220 grams (1.00 mole) of nonylphenol and 250 
milliliters of cycldohexane. The solution was then heated to reflux 
and 2.8 grams (11.3 wt. % based on nonylphenol) of potassium 
hydroxide in 10 n milliliters of water was slowly added to the flask. 
After essentially y all the water was recovered in the decanting head 
(10 milliliters +11 milliliter formed), 250.7 grams (0.91 mole) of 
nonylphenyl glycrcidyl ether as added dropwise. During the addition of 
the glycidyl ethesr, the reaction temperature was maintained between 
60 and 80°C. Aftfter the addition was complete, the solution was 
refluxed for four r hours. The contents of the flask were then washed 
with a five perceient aqueous solution of phosphoric acid, and the 
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organic layer w&as separated from the water layer and washed twice 
with deionized v water. The reaction mixture was then placed in a one 
liter round bottdom flask, and the remaining cyclohexane and 
unreacted nonyblphenol were recovered by distillation, first at 
atmospheric preessure, then under vacuum at 0.2 mm Hg. The kettle 
temperature waas not allowed to exceed 180°C during the distillation 
to prevent discobloration of the product. The concentrated solution 
was then refilteared to give 425 grams of a pale-yellow liquid. End- 
group MW analysis gave a molecular weight of 506.8 (theoretical MW 
= 496.8). It andd nmr spectra were identical to previously recorded 
spectra for the < compound. 

Example 3 

Preparation of l,3-Bis(nonylphenpxYV3-prppsfflol 

To a a five neck, two liter round bottom flask, equipped 
with an additionn funnel, thermometer, nitrogen dispersant tube, 
mechanical stinrrer, and a decanting head with a water-cooled 
condenser, weree added 300 milliliters of cyclohexane and 451.7 grams 
(2.05 mole) of noonylphenoL The solution was then heated to reflux 
and 58.9 grams s (1.05 mole) of potassium hydroxide in 60 milliliters of 
water was slowl/ly added via the addition funnel. After essentially all 
the water was reecovered in the decanting head (60 milliliter + 19 
milliliters formaed), the reaction was cooled to 40 °C, and 92.5 grams 
(1.00 mole) of eppichlorohydrin was slowly added. During the 
addition, the redaction temperature was maintained below 60°C by 
controlling the i rate of epichlorohydrin addition. After all the 
epichlorohydrinu was added, the solution was allowed to stir for one 
hour, and then i brought to reflux for an additional three hours. The 
reaction mixtunre was then filtered under vacuum through a steam- 
jacketed Buchnaer funnel to remove the potassium chloride formed as 
a by-product. TThe filtration process was performed a total of three 
times to removee the majority of the salts. The reaction mixture was 
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then placed in a c one liter round bottom flask, and the remaining 
cyclohexane and i unreacted nonylphenol were recovered by 
distillation, first t at atmospheric pressure, then under vacuum at 0.2 
mm Hg. The kettttle temperature was not allowed to exceed 180°C 
during the distilldation to prevent discoloration of the product. The 
concentrated soluution was then refiltered to give 275 grams of a pale- 
yellow liquid. Erind-group MW analysis gave a molecular weight of 
459.7 (theoreticald MW = 496.8). Ir and nmr spectra were identical to 
previously recordded spectra for the compound. 

Example 3 

PPrepflration of 5 Mote Ethoxytete of 1,3- 
Bis(ponylphgPC>xY)-g-pr9panol 

To aa 500 milliliter, stainless steel, high pressure 
autoclave was chaarged 200 grams (0.40 mole) of 1,3- 
bis(nonylphenoxyy)-2-propanol, which contained a catalytic amount of 
the potassium sahlt of the alcohol as described in Example 1. After 
purging the reactetor with nitrogen, the alcohol was heated to 130°C 
with stirring, andd 86.9 grams (2.0 mole) of ethylene oxide was added 
over a two hour j period. The reaction temperature and pressure were 
maintained from i 130°C to 140°C and 60 psig during the course of the 
reaction. After tithe addition of ethylene oxide was complete, the 
reaction mixture e was held at 140 °C for an additional hour to allow all 
the ethylene oxidde to cook out. The reaction mixture was dumped 
while hot, under r nitrogen, and neutralized with acetic acid to yield 
285 grams of a ppale-yellow liquid. 
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Prepparation of Adduct of Nonvlnhenvl Glvcidvl 
Ether and 5 Mole Ethoxvlate of 

To > a five neck, one liter, round bottom flask equipped as 
in Example 1 w&as added 119.8 grams (0.17 mole) of the 5 mole 
ethoxylate of l,3t3-bis(nonylphenoxy)-2-propanol and 100 milliliters of 
cyclohexane. TFhe mixture was refluxed (100°C) for one hour to 
remove residuahl water, and then cooled to 50°C under nitrogen to add 
0.5 grams of BF f ?3/Et20. Nonylphenyl glycidyl ether (46.0 grams, 0.17 

mole) was then i added to the flask over a one hour period, and the 
reaction was heeated to reflux. After three hours at reflux, the 
reaction mixtur<re was transferred to a separatory funnel, while hot, 
and washed witlth a saturated aqueous solution of sodium 
bicarbonate. TKhe organic layer was separated from the water layer, 
and washed twirice with hot deionized water. The washes were 
performeid at 500°C to facilitate the separation of the two layers. The 
water and cyclobhexane were then evaporated from the organic layer, 
under vacuum, \ to yield 145 grams of a pale-yellow, viscous liquid. 
End-group moleecular weight analysis gave a molecular weight of 880 
(theoretical molilecular weight = 993). 

K7mP^P 5 

Prepparation of Polvfnonvlphenol glvcidvl ether^ 
Toa 500 milliliter round bottom equipped with an 
overhead stirreBr, nitrogen inlet, reflux condenser, additional funnel, 
and temperatunre controller was charged 1.9 grams of ethanol (22 
romoles) and 2000 grams of cyclohexane. The solution was brought to 
50°C. Once heaated, 0.5 milliliters (4 romoles) of BF3/Et20 was added 

using a 2 millililiter syringe. Once the acid was added, 100.0 grams of 
nonylphenol glyycidyl ether (362 mmoles) was added drop wise so as to 
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maintain a reactidon temperature of 45°C-55°C. Once the glycidyl 
ether was added, , the solution is refluxed for 3 hours, then cooled to 
about 50°C. 

Whilile hot (<60°C) the organic was transferred to a 
separately funnefel and was washed once with 100 milliliters of 5% 
sodium bicarbonaate solution. The aqueous layer was drained and the 
organic was washhed two more times with 100 milliliter portions of 
deionized water. The aqueous layers were decanted and the organic 
was dried for at ldeast 1 hour over magnesium sulfate. Once dry the 
magnesium sulfalate was filtered from the organic which was stripped 
of solvent using aa rotary evaporator. The final yield of viscous 
polymer was 100 ) grams. The GPC molecular weight was Mw = 2600 
and the Mn = 17000 based on monodisperse polystyrene standards. 

Example 6 

Ethoxwlation of Polv(nonvlphenol glvcidvl ether) 
To a a 500 milliliter stainless steel Zipperclave was added 
60.0 grams (0.0335 moles based on an approximate molecular weight 
of 1700 gram/molile) of the resin prepared in Example 5 along with 0.5 
grams of potassiuum hydroxide. The vessel was attached to an 
automated ethoxyylation unit and was heated to 50°C. The vessel was 
continuously purgrged with nitrogen for 15 minutes and was then 
heated to 100°C v where it was again continuously purged with 
nitrogen for anothher 15 minutes. The vessel was then heated to 140°C 
and was given a s series of 6 purges by pressuring the vessel up to 80 
psi, and then vennting. Once the venting process was complete, the 
vessel was pressuured to 20 psi with nitrogen. 

The e ethylene oxide lines were opened to the motor valves 
along with the maain feed line on the Zipperclave. The feed was 
continued and time vessel pressure was regulated at 55 psi and a 
temperature of 1440°C. The automation was designed to hold the 
temperature and i the pressure within safe operating limits while 
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addition of ethyVlene oxide proceeded through a pair of motor control 
valves. The feecd was allowed to continue until 60.0 grams of ethylene 
oxide (1.362 mobles) was added based on a difference weight of the feed 
cylinder. After t the feed was complete, the reaction was allowed to 
continue for 1 hdour after which the vessel was cooled to 60°C, purged 
4 times with nititrogen to 80 psi and was dumped to a container. The 
final product yieield was 115 grams with a theoretical yield of 120 
grams. The GPPC molecular weight of the product was Mw = 3550 
and the MN = 22930 based on monodisperse polystyrene standards. 

Example 7 

Preparation of Polvfphenyl glvcidyl ether) 
To a a 500 milliliter round bottom equipped with an 
overhead stirrers, nitrogen inlet, reflux condenser, addition funnel, 
and temperatura-e controller was charged 47.06 grams of phenol (500 
mmoles) and 1000 grams of toluene. The solution was brought to 50°C. 
Once heated, 1.0.0 milliliter (8 mmoles) of BF3/Et20 was added using a 

2 milliliter syrinnge. Once the acid was added, 68.18 grams of phenyl 
glycidyl ether (4454 mmoles) was added dropwise so as to maintain a 
reaction tempersrature of 45°C-55°C. Once the glycidyl ether was 
added, the solutition is refluxed for 3 hours, then cooled to about 50°C. 

Whhile hot (<60°C) the organic was transferred to a 
separatory funnnel and was washed once with 100 milliliters of 5% 
sodium bicarbonnate solution. The aqueous layer was drained and the 
organic was waashed two more times with 100 milliliter 
portions of deioraiized water. The aqueous layers were decanted and 
the organic was s dried for at least 1 hour over magnesium sulfate. 
Once dry the maagnesium sulfate was filtered from the organic which 
was stripped of £ solvent using a rotary evaporator. The final yield of 
viscous polymerr was 90.3 grams (with 11% unreacted phenol). The 
GPC molecular i weight was Mw = 470 and the Mn = 310 (on average a 
trimer) based onn monodisperse polystyrene standards. 
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Eauaaalfi 8 

Preparation of 1.3-Bis(nhenoxv)-2-nroDanol 
iitiaing the Cascading Polvol Technique 

To aa 1 liter round bottom flask equipped with an 
overhead stirrers, nitrogen inlet, reflux condenser, addition funnel, 
and temperature e controller was charged 94.11 grams of phenol (1 
mole), 12.86 granms of tetraethylammonium iodide (0.05 moles), 3.00 
grams of water (((0.17 moles), 42.08 grams of potassium hydroxide 
(0.75 moles), andd 250 grams of toluene. To a 100 milliliter additional 
funnel was chargged 23.13 grams of epichlorohydrin (0.25 moles) and 
50 grams of toluaene. The solution was brought to 65°C at which time 
the epichlorohyddrin solution was added over a period of 15 minutes 
while maintaining a reaction temperature of 65°C ± 5°C, The 
reaction was alloowed to proceed for 48 hours. 

Afte&r 48 hours, the solution was cooled down to room 
temperature. Thhe toluene solution was washed with two 250 
milliliters portionns of deionized water. The aqueous layers were 
drained off, and 1 the toluene was removed along with unreacted 
phenol using a rcrotary evaporator. The final yield of product was 64.5 
gr ams which waas 106% of theory (residual is phenol). Final product 
purity was about t 95% as shown by GPC. 

Dimnerization of L3-PisfphenQXV>2-prQpanQl 

nusing the Cascading Polvol Technique 

To aa 250 milliliter round bottom flask equipped with an 
overhead stirrer ,r, nitrogen inlet, reflux condenser, additional funnel, 
and temperature e controller was charged 20.03 grams of 1,3-bis- 
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(phenoxy)-2-proppanol prepared in Example 8 (82 mmoles), 2.06 grams 
of tetraethylammnonium iodide (8 mmoles), 0.49 grams of water (27 
mmoles), 6.51 grcrams of potassium hydroxide (116 mmoles)/ and 125 
grams of toluene e. To a 100 milliliter addition funnel was charged 
3.61 grams of eppichlorohydrin (39 mmoles) and 25 grams of toluene. 
The solution waas brought to 65°C at which time the epichlorohydrin 
solution was addded over a period of 15 minutes while maintaining a 
reaction temperature of 65°C ± 5°C. The reaction was allowed to 
proceed for 48 haours. 

Afte^r 48 hours, the solution was cooled down to room 
temperature. Thhe toluene solution was washed with two 250 
milliliter portionns of deionized water. The aqueous layers were 
drained off, and 1 the toluene was removed using a rotary evaporator. 
The final yield ofof product was 21.6 grams which was 101% of theory. 
GPC showed twao major components of the product. The first was the 
starting materiahl at about 41% (Mn = 220) and the second was the 
coupled product i at about 59% (Mn = 520). 

Prenaaration of 1.3-Bis(hexadecvloxvl2-propanol 

s using the Cascading Pol vol Technique 

To a a 500 milliliter round bottom flask equipped with an 
overhead stirrers, nitrogen inlet, reflux condenser, additional funnel, 
and temperaturre controller was charged 60.61 grams of hexadecanol 
(0.25 moles), 6.10.8 grams of tetraethylammonium iodide (0.024 moles), 
1.44 grams of waater (0.082 moles), 20.20 grams of potassium 
hydroxide (0.36 i moles), and 125 grams of toluene. To a 100 milliliter 
addition funnel i was charged 11.10 grams of epichlorohydrin (0.12 
moles) and 25 gxrrams of toluene. The solution was brought to 65°C at 
which time the e epichlorohydrin solution was added over a period of 
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15 minutes whilele maintaining a reaction temperature of 65°C ± 5°C. 
The reaction wasis allowed to proceed for 48 hours. 

Afteier 48 hours, the solution was cooled down to room 
temperature. Thhe toluene solution was washed with two 250 
milliliter portionas of deionized water. The aqueous layers were 
drained off, and 1 the toluene was removed using a rotary evaporator. 
The final yield of>f product was 70.9 grams which is 109% of theory 
(residual is hexaadecanol). 

Svrifa'atipfl of l,3-Bis(ROi>y]phgnoyy)-2-propanpl- 
block-Mpropvtene p»de)j&-block-(ethytene oside)jx> 

To aa 250 milliliter round bottom flask equipped with an 
overhead stirrers, a temperature controller, and a vacuum adapter 
was added 75.0 g grams of the material from Example 13 (49 mmoles). 
The kettle was thhen evacuated to <20 mmHg and heated to 100°C to 
remove any wateier. After 1 hour, the kettle was cooled to 60°C while 
under vacuum. ' When reaching 60°C, vacuum was broken with 
nitrogen and 5.33 grams of sulfamic acid (54 mmoles) was added. 
After charging thhe sulfamic acid, the kettle was heated to 110°C and 
evacuated to <200 mm Hg. The reaction was allowed to proceed for 3 
hours. 

At tithe end of the hold period, the kettle was cooled to 
85°C and vacuunm was broken with nitrogen. 1.2 grams of 
diethanolamine ( (11 mmoles) was slowly added under a blanket of 
nitrogen. This seolution was stirred for 30 minutes. 10 grams of 
ethanol was addded to the kettle and the temperature was regulated to 
55°C. This solutition was stirred for 30 minutes. The heat was 
removed from thhe kettle and 30 grams of water along with 20 grams 
of ethanol were t added while maintaining good agitation. The 
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solution was stiriired for 15 minutes or until cooled to room 
temperature (<S35°C). 

Thae pH was checked by dissolving 2 grams of the product 
solution in 18 ggrams of deionized water. If the pH was below 6.5, 0.2 
gram increments of diethanolamine was added until the pH is 
between 6.5 andd 7.5, 

Example 12 
i Preparation of 1.3-BigfnonYlphenosy)-2- 

propanol-block-(propvlene oxide)iQ 

To 3 a 500 milliliter stainless steel Zipperclave was added 
100.0 grams (0.S.202 moles) of l,3-bis(nonylphenoxy)-2-propanol 
prepared in Exaample 1 along with 0.7 grams of potassium hydroxide. 
The vessel was t attached to an automated unit and was heated to 
50°C. The vesseel was continuously purged with nitrogen for 15 
minutes and waas then heated to 100°C where it was again 
continuously puurged with nitrogen for another 15 minutes. The 
vessel was then i heated to 140°C and is given a series of 6 purges by 
pressuring the \ vessel up to 80 psi, and then venting. Once the 
venting process s was completed, the vessel was pressured to 20 psi 
with nitrogen. 

Linnes connected to a cylinder which had been 
pre charged withh 117.0 grams of propylene oxide (2.02 moles) were 
opened to the mnotor valves along with the main feed line on the 
Zipperclave. Tlfhe feed was continued and the vessel pressure was 
regulated at 55 > psi and a temperature of 140°C. The automation was 
designed to holdd the temperature and the pressure within safe 
operating limits^ while addition of ethylene oxide proceeded through a 
pair of motor coxmtrol valves. The feed was allowed to continue until 
all of the propylrlene oxide had been fed. After the feed was complete, 
the reaction waas allowed to continue for 1 hour after which the vessel 
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was cooled to 60°)°C, purged 4 times with nitrogen to 80 psi and was 
dumped to a contitainer. The final product 3d eld was 211 grams with a 
theoretical yield 1 of 277 grams. The GPC molecular weight of the 
product was Mw v = 650 and the Mn = 490 based on monodisperse 
polystyrene stanndards. 

Frffflmplft 13 

Preparation of f 1.3-Bis(nonvlphenoxv)-2-propanol- block-foropvlene 

xgjd^ifl-bloclc-fgthYlfflg raide)j£ 

To a a 500 milliliter stainless steel Zipperclave was added 
75.0 grams of thae propoxylate prepared in Example 12 (0*070 moles) 
along with 0.3 gxprams of potassium hydroxide. The vessel was 
attached to an auutomated ethoxylation unit and was heated to 50°C. 
The vessel was a continuously purged with nitrogen for 15 minutes 
and was then heeated to 100°C where it was again continuously 
purged with nitrarogen for another 15 minutes. The vessel was then 
heated to 140°C i and was given a series of 6 purges by pressuring the 
vessel up to 80 ppsi, and then venting. Once the venting process was 
completed, the v^essel was pressured to 20 psi with nitrogen. 

The e ethylene oxide lines were opened to the motor valves 
along with the remain feed line on the Zipperclave. The feed was 
continued and thhe vessel pressure was regulated at 55 psi and a 
temperature of 1440°C. The automation was designed to hold the 
temperature andd the pressure within safe operating limits while 
addition of ethyldene oxide proceeded through a pair of motor control 
valves. The feedd was allowed to continue until 30.7 grams ethylene 
oxide (0.696 moldes) was added based on a difference weight of the feed 
cylinder. After tithe feed was complete, the reaction is allowed to 
continue for 1 ho our after which the vessel was cooled to 60°C, purged 
4 times with nitnrogen to 80 psi and was dumped to a container. The 
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final product yideld was 99 grams with a theoretical yield of 106 
grams. 

Exgmpte 14 
Preparation of BisfaonylphenQaY) Addurt of 
1,4-Butanediri Piglvridvl Ether 

To d a five neck, two liter round bottom flask equipped with 
an addition furmnel, thermometer, nitrogen dispersant tube, 
mechanical stinrrer, and a decanting head with a water-cooled 
condenser were 3 added 506.8 grams (2.30 mole) of nonylphenol and 350 
milliliters of cycrclohexane. The solution was heated to reflux, and 6.5 
grams (1.3 weigght percent based on nonylphenol) of potassium 
hydroxide in 15 5 milliliters of water was slowly added to the round 
bottom flask. AAfter all the water was recovered in the decanting head 
(15 milliliters + h 2 milliliters formed), 220 grams (1.09 mole) of 1,4- 
butanediol diglyycidyl ether was added dropwise between 60 and 80°C. 
After the additicion was complete, the solution was refluxed for four 
hours. The contitents of the flask were then washed with a five 
percent aqueouas solution of phosphoric acid, and the organic layer 
was separated fifrom the water layer and washed twice with deionized 
water. The reaaction mixture was then placed in a one liter round 
bottom flask, annd the remaining cyclohexane and unreacted 
nonylphenol wejere recovered by distillation, first at atmospheric 
pressure, then sunder vacuum at 0.2 mm Hg. The kettle temperature 
was not allowed d to exceed 180°C during the distillation to prevent 
discoloration of f the product. The concentrated solution was then 
refiltered to givcre 710 grams of a pale-yellow liquid. Molecular weight 
by end-group MtfW analysis was 689.9 (theoretical MW = 643.0). Ir and 
nmr spectra wenre consistent with the expected structure of the 
product. 
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Preparation oO Mate Etbasdak nf 
L3-BisfnonYlphCTQyy)-2-propwiQl 

To > a five hundred milliliter Zipperclave reactor were 
charged, under r nitrogen, 200.1 grams (0.43 mole) of 1,3- 
bis(nonylpheno»xy)-2-propanol prepared in Example 2 and 0.20 grams 
(0.1 weight percicent) of EF ^/Et20. The reaction mixture was heated to 

80°C, and 55.1 ggrams (1.25 mole) of ethylene oxide was fed to the 
reactor over a tvwo hour period. After all the ethylene oxide was fed, 
the reaction mixxture was allowed to cook out for one hour and then 
dumped hot, unader nitrogen, into a jar containing 160 milliliters of a 
one percent aquueous solution of sodium hydroxide. The organic layer 
was separated fifrom the water layer and washed twice with deionized 
water. The wasfehes were performed at 90°C to facilitate the 
separation of thae two layers. The product was then dried by 
azeotropic remowal of the water, using cyclohexane (300 milliliters) 
as the entrainerx. The cyclohexane was stripped off under vacuum to 
give a pale-yellot>w liquid with a molecular weight by end-group MW 
analysis of 601.77 (theoretical MW = 629). Ir and nmr spectra were 
consistent with t the expected structure of the product. 

Preparation of 8 Mole Ethoxvlate of 

Big(?(nQayiphg;npxv) Adduct of l,4-gutanedk>l 

Diglvddvl Ether 

To a a five hundred milliliter Zipperclave reactor were 
charged, under nnitrogen, 150.2 grams (0.22 mole) of 
bis(nonylphenoxyy) adduct of 1,4-butanediol diglycidyl ether prepared 
in Example 14 annd 0.30 grams (0.2 weight percent) of BF3/Et20. The 

reaction mixture 3 was heated to 80°C, and 77.5 grams (1.76 mole) of 
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ethylene oxide i was fed to the reactor over a two hour period. After all 
the ethylene oxxide was fed, the reaction mixture was allowed to cook 
out for one houur and then dumped hot, under nitrogen, into a jar 
containing 160 ) milliliters of a one percent aqueous solution of sodium 
hydroxide. Thee organic layer was separated from the water layer 
and washed twwice with deionized water. The washes were performed 
at 90 °C to facililitate the separation of the two layers. The product was 
then dried by aazeotropic removal of the water, using cyclohexane (300 
milliliters) as tithe entrainer. The cyclohexane was stripped off under 
vacuum to give e a pale-yellow liquid with a molecular weight by end- 
group MW anahlysis of 1047 (theoretical MW = 995). Ir and nmr 
spectra were consistent with the expected structure of the product. 

Examples 17 to 21 
Preparatiorm of Propylene Oxide and Ethylene Oxide/Propvlene 
Oxide CCopolvmers of 1.3-Bis(nonvlphenoxv)-2-propanol 

To'o a 500 milliliter stainless steel autoclave was charged 
an amount of ppotassium hydroxide and starter listed in Table A 
below. The vesssel was heated to 50° C. The vessel was continuously 
purged with nititrogen for 15 minutes, and was then heated to 100° C, 
where it was apgain continuously purged with nitrogen for another 15 
minutes. The a vessel was then heated to 140° C, and was given a 
series of 6 purgges by pressurizing the vessel up to 80 psi, and then 
venting. Once e the venting process was completed, the vessel was 
pressurized to i 20 psi with nitrogen. The feed lines from an oxide feed 
cylinder (contaaining a charge of ethylene oxide or propylene oxide as 
identifed in Tahble A) to the autoclave were opened. The control 
system fed the e oxide at a rate such that the vessel pressure was 
regulated at 555 psi and a temperature of 140 p C. The reaction was 
allowed to conhtinue for 1 hour past the end of the oxide feed. The 
vessel was coobled to 60° C, purged 4 times with nitrogen to 80 psi, and 
its contents weere dumped into a tared container. The final 
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theoretical and i actual product yields and molecular weights 
determined by ggel permeation chromatography are listed in Table A. 
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Eamntefi 22-33 
Pr^ppfir^tiQn of PoMnpnylphenvl glvcidyl ether) 
An i amount of ethanol listed in Table B below, and 200 
grams of cyclohaexane were charged to a 500 milliliter round bottom 
flask equipped \ with an overhead stirrer, nitrogen inlet, reflux 
condenser, addiction funnel, and temperature controller. The 
solution was hesated to 50° C after which an amount of boron 
trifluoride etherirate listed in Table B was added. Subsequently, 100 
grams of nonylpphenyl glycidyl ether was added dropwise to the 
reaction mixturee so as to maintain a reaction temperature of 45-55° 
C. The solution a was refluxed at 83° C for an additional three hours 
after the compleetion of feed, and then cooled to 50° C. While hot (<60° 
C), the organic i material was transferred to a separatory funnel, and 
was washed onace with 100 milliliters of 5% sodium bicarbonate 
solution. The aaqueous layer was washed two more times with 100 
milliliter portionns of deionized water. The aqueous layers were 
decanted, and tithe organic layer was dried for at least 1 hour over 
magnesium sulflfate. Once dry, the magnesium sulfate was filtered 
from the orgarridc material, which was stripped of solvent using a 
rotary evaporatdor. The molecular weights of the polymer based on 
gel permeation < chromatography are listed in Table B. 

Table B 





mT, 


Grams 






Example 




Ethanol 


Ma 


Mw 


22 


00.5 


1.9 


1700 


2600 


23 


1.1.25 


10.0 


410 


450 


24 


00.5 


5.5 


470 


560 


25 


11.25 


5.5 


870 


1150 


26 


1.1.25 


1.0 


1580 


2530 


27 


22.0 


5.5 


900 


1190 


28 


22.0 


1.0 


1470 


2310 


29 


22.0 


10.0 


440 


500 
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Table B 
(Continued) 





mT, 


Grams 






Example 




Ethanol 


Mn 


Mw 


30 


00.5 


10.0 


580 


730 


31 


00.5 


1.0 


1750 


2790 


32 


00.5 


1.0 


1740 


2640 


33 


11.6 


3.32 


1170 


1570 






Examples 34-36 





] Preparation of TJppYinmgtric Piphobes 

To > a 500 milliter round bottom flask equipped with an 
overhead stirreEr, nitrogen inlet, reflux condenser, addition funnel, 
and temperatunre controller was charged an amount of starting 
alcohol listed inn Table C below. The material was heated to 170° C 
under nitrogen 1 sparge, after which an amount of potassium 
hydroxide listedd in Table C was added. An amount of epoxide listed 
in Table C was i fed to the reaction flask using an FMI feed pump at a 
rate such that aaddition of the epoxide was completed in 6 hours. Gel 
permeation chrcromatography showed that the purity of the biphobic 
product was greeater than 90%. 
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TableC 

R— CH 2 

CH OH 

R2— CH 2 



Ex* 


Alcohol 


GGms 6ms 
AlMch. KQH 


Epoxide 


Grams 
Epoxide 


£1 


B2 


34 


nonyl- 
phenol 


10C00 


2 


1,2 epoxy- 
hezadecane 


108.6 


nonyl- 
phenoxy 


tridecyl 


35 


dodecyl- 
phenol 


10(00 


2 


1,2 epoxy- 
hexadecane 


91.1 


dodecyl- 
phenoxy 


tridecyl 


36 


dodecyl* 
phenol 


5050 


1 


nonylphenyl 
glycidyl ether 


52.7 


dodecyl- 
phenoxy 


nonyl- 
phenoxy 



Example 37 
Preparation of Polv(1.2-epoxvhexadecane) 
Thae process described in Examples 34-36 was used with 
50 grams of 1-haexadecanol, 1 gram of potassium hydroxide, and 49.4 
grams of 1,2 epooxyhexadecane. The product multiphobe had a 
composition of 110% hexadecanol, 55.5% biphobe (i.e., l-hexadecoxy-2- 
hexadecanol), 27-7,7% triphobe, and 6.5% quadphobe, as determined by 
gel permeation i chromatography. 

Example 38 

Preparation c of an Unsaturated Polv(nonvlphenvl glvcidvl ether^ 
To d a 500 milliliter round bottom flask equipped with an 
overhead stirrenr, nitrogen inlet, reflux condenser, addition funnel, 
and temperaturere controller was charged 10 grams of allyl alcohol, 40 
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grams of toluenne, 0.5 grams of potassium hydroxide, and 2 grams of 
deionized wate&r. The reaction mixture was refluxed to dryness, and 
cooled to 60° C. I- Once cool, 47.6 grams of nonylphenyl glycidyl ether 
was fed to the r reaction vessel using a FMI pump over 35 minutes. 
The reaction mhixture was heated to 112° C, and refluxed for 3 hours. 
The solvent waas removed from the reaction mixture by vacuum 
stripping. The 3 product was cooled and recovered. The product 
composition waas 15% allyl alcohol, 43% biphobe (e.g., l-(2-propene~l- 
oxy)-3-nonylphaenoxy-2-propanol) and 42% triphobe, as determined by 
gel permeation q chromatography. 

Example 39 

SSolventless Macromonomer Preparation 
Too a 3 liter round bottom flask equipped with an 
overhead stirreier, nitrogen inlet and sparging tube, water cooled 
reflux condenseer, monomer addition tube, FMI pump and feed tank, 
and heating maantel and temperature controller, 2000 grams of 
previously meltlted surfactant S-2 were charged. The materials were 
heated to 85° CD under nitrogen sparge and mixing, and held at 
temperature fonr 1 hour to drive off residual water. Then 0.05 grams 
of 4-methoxyphhenol were added, and the mixture was sparged with 
air for 15 minutites to activate the inhibitor. 2.4 grams of dibutyl tin 
dilaurate were i added, and after 15 minutes of mixing, 201.25 grams 
of TMI were fedd over 45 minutes. The mixture was held at 85° C for 
another 4 hoursrs. Then 243 grams of water was pumped into the 
reaction mixturire over a 25 minute period to wash the feed lines of 
isocyanate, andd to dilute the product macromonomer to 90% solids. 
The product maacromonomer was cooled and collected in a 1 gallon 
jug- 
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Example 40 
Preparation of Macromonomer Compound 
Intrto a 1 liter round bottom reaction flask equipped with a 
heating mantle, \ f dean stark trap, condenser, thermometer, nitrogen 
bubbler, nitrogeen purge line and stirrer was charged 300 grams of 
toluene and 63 g grams of a surfactant identified as S-l in Table D 
below. With nititrogen purge, the resulting solution was heated to 
reflux at approximately 110°C and azeotroped to remove trace water 
to dryness. The 3 solution was subsequently cooled to 90°C, and 1.5 
grams of bismutith hex chem 28% bismuth octoate catalyst (Mooney 
Chemical, Inc., < Cleveland, Ohio) was charged and allowed to mix 
well, after whichh a stoichiometric amount of 95% m-TMI aliphatic 
isocyanate (Amaerican Cyanamid, Stamford, Connecticut) was 
charged. After t the reaction proceeded at 90°C for 1.3 hours, the 
resulting producict was cooled to 70°C and 0,03 grams of 2,6-di-tert-4- 
methyl phenol (KBHT) preservative was added. The mixture was 
poured into a stftainless steel pan with large surface area to facilitate 
drying. The finaal product was a waxy material, and is designated 
herein as macr<romonomer M-l. 



B>i-0-CRi2 



CHa-(OCH2CH 2 )xOCH2CH20H 
I 

R2 = hyydrogen or a R3-O-CH2- residue. 
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Moles of 

Surfactant _]_El — BgZEa EtilPKytetiPP 



S-l 


Noonylphenol 


Hydrogen (R2) 


40 


S-2 


No:onylphenol 


Nonylphenol (R3) 


40 


S-3 


Noonylphenol 


Nonylphenol (R3) 


20 


S-4 


Noonylphenol 


Octylphenol (R3) 


20 


S-5 


Noonylphenol 


Octylphenol (R3) 


40 


S-6 


Noonylphenol 


Nonylphenol (R3) 


80 


S-7 


Noonylphenol 


Nonylphenol (R3) 


120 


S-8 


Noonylphenol 


Nonylphenol (R3) 


6 


S-9 


Noonylphenol 


Nonylphenol (R3) 


12 



Prepara tion of Macromonomer Compounds 
In 1 a manner similar to that described in Example 40, 
other macromoonomers were prepared using stoichiometric amounts 
of the surf actannts and unsaturated compounds identified in Table E 
below. 



Example Unsaturated Macromonomer 

No. Svutf^gtant Compound Designation 



41 


SS-2 


m-TMI 


M-2 


42 


SS-3 


m-TMI 


M-3 


43 


SS-4 


m-TMI 


M-4 


44 


SS-5 


m-TMI 


M-5 


45 


SS-6 


m-TMI 


M-6 


46 


SS-7 


m-TMI 


M-7 


47 


SS-2 


Isocyanato Ethyl 


M-8 



Methacrylate 
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TableE 
(Continued) 

Example Unsaturated Macromonomer 

No. Sur,rfactaint Compound Designation 



48 


S-5-5 


Isocyanato Ethyl 
Metha cry late 


M-9 


49 


S-J-l 


Methacrylic Anhydride 


M-10 


60 


S-S-2 


Methacrylic Anhydride 


M-ll 


51 


S-5-5 


Methacrylic Anhydride 


M-12 


52 


S-6-6 


Methacrylic Anhydride 


M-13 


53 


S-5-2 


Acrylic Anhydride 


M-14 


54 


S-5-5 


Acrylic Anhydride 


M-15 


55 


S-6-6 


Acrylic Anhydride 


M-16 


56 


S-5-2 


Cro tonic Anhydride 


M-17 


57 


S-5-5 


Maleic Anhydride 


M-18 


58 


S-S-2 


Methacryloyl Isocyanate 


M-19 


59 


S4-6 


Methacryloyl Isocyanate 


M-20 


60 


S-8-8 


m-TMI 


M-21 


61 


S-S-9 


m-TMI 


M-22 



Example 62 
PPreparation of Alkali Soluble Thickener 
A monomer mixture (300 grams) was prepared by 
charging ethyl aacrylate (Aldrich), methacrylic acid (Aldrich), 
macromonomer 1 M-l, 13 grams of a 75% solution of Aerosol OT 
surfactant (Ame:erican Cyanamid, Stamford, Connecticut), and 3 
grams of distilleed deionized water to a bottle, and dispersing the 
contents with vifigorous shaking. The ethyl acrylate, methacrylic acid 
and macromonoDmer M-l were added in amounts identified in Table 
F below. A catalalyst feed mixture comprised of 0.53 grams of sodium 
persulfate (Aldririch) and 52.47 grams of water was prepared in 
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another containner. To a 2 liter resin flask that had been immersed in 
a thermostated i water bath and equipped with a 4-bladed stainless 
steel mechaniccal stirrer, Claisen connecting tube, water condenser, 
nitrogen spargc^e and bubble trap, thermometer and monomer and 
catalyst additiojon inlets, 1.20 grams of the sodium salt of vinyl sulfonic 
acid and 658.5 > grams of water were charged. The monomer mixture 
was charged to d a 1-liter graduated monomer feed cylinder, and the 
catalyst solutionn was charged to a 125 milliliter graduated catalyst 
feed cylinder. I Under nitrogen purge, the reactor was heated to 70°C, 
whereupon 33 r milliliters of the monomer mixture and 3 milliliters of 
the catalyst feeed mixture were charged to the reaction vessel. The 
reaction vessel i was subsequently heated to 80°C. After allowing the 
monomers to reeact for 20 minutes to form a seed product, the 
monomer and cjcatalyst feed mixtures were conveyed to the reaction 
vessel by FMI ppumps via 1/8" teflon tubing at a rate of 1.94 and 
0.27 milliliters/i/minute, respectively, under continuous stirring at a 
reaction tempenrattire held between 76-82°C. The reaction was 
allowed to procceed for another hour, after which the product was 
cooled and filteered with a 200 mesh nylon cloth. The coagulum was 
coDected from tithe reaction vessel and filter cloth. Thickening ability 
of the resulting j product was monitored by Brookfield viscosity at 6 
rpm by dilutingg the latex to 0.25%, 0.50% and 0.75% solids, and 
subsequently n neutralizing the product to pH=9.0 with a 95% solution 
of 2-amino-2-maethyl-l- propanol (AMP-95, Angus Chemical 
Company). Thae results are given in Table F. 

PPrenaration of Alkali Soluble Thickeners 
In i a manner similar to that described in Example 62, 
other alkali soliluble thickeners were prepared using the monomers 
identified in Tabbies F-Q below in the amounts identified in Tables F- 
Q. Tables F anad G illustrate the influence of m-TMI-containing 
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macromonomer < concentration and ethoxylation on thickening 
efficiency. Tablee H illustrates the influence of 2-SEM on thickening 
efficiency. Tablde I illustrates the influence of mixing m-TMI- 
containing macnromonomers of various ethoxylations on thickening 
efficiency. Tablele J illustrates the influence of unsaturation type of 
urethane-containning macromonomers on thickening efficiency. 
Table K illustratites the influence of methacryloyl isocyanate 
incorporated intdo the macromonomer. Table L illustrates the 
influence of macicromonomer ester structure and ethoxylation on 
thickening efficiaency. Table M illustrates the influence of acid type 
and concentration on thickening efficiency. Table N illustrates the 
influence of polyymer glass transition temperature and water 
solubility on thidckening efficiency. Table O illustrates the influence 
of acrylamide inocorporated into the macromonomer. Table P 
illustrates the innfluence of cross-linkable monomer concentration on 
thickening efficiaency. Table Q illustrates the influence of mercaptan 
on thickening efffficiency. As used in Tables F-Q below, the following 
abbreviations haave the indicated meanings: MM = Macromonomer; 
EA = Ethyl Acryylate; MAA = Methacryhc Acid; AA = Acrylic Acid; 
MA = Methyl Acicrylate; t-BA = t-Butyl Acrylate; n-BA = n-Butyl 
Acrylate; MMA == Methyl Methacrylate; 2-EHP = 2-Ethylhexyl 
Propionate Merc?captan; 2-SEM - 2-sulfoethyl methacrylate; and 2- 
HEA = 2-Hydrox*y Ethyl Acrylate. 
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Eframptes 175-230 

Co-Thicke niny wwith Surfactants 

Thee addition of certain surfactants to an associative 
polymer solutionn produces a co-thickening effect. The results in 
Table L below shhow the co-thickening effect produced by the addition 
with thorough mnixing of certain surfactants identified in Table R 
below in the amaounts identified in Table L to a 0.5% alkaline solution 
of an alkali soluhble thickener identified in Table S as measured with 
a Brookfield Visccometer at 6 rpm at pH = 9.0. 



T ab le E 



R!-0-CH 2 



CH-(OCH 2 CH2)xOCH2CH20H 




Surfactant Bjgx 



Moles of 
Ethoxytetion 



S-8 

S-9 

S-10 

S-ll 

S-12 

S-13 

S-14 

S-15* 

S-16 



Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Nonnylphenol 
Octjtylphenol 



Nonylphenol (R3) 
Nonylphenol (R3) 
Nonylphenol (R3) 
Hydrogen (R 2 ) 



40 
80 
25 
40 
20 
40 
40 
25 



20 



Hydrogen (R 2 ) 



Octylphenol (R3) 
Octylphenol (R3) 
Nonylphenol (R3) 
Hydrogen (R 2 ) 



Page 3 4 of 1 1 



WO 93/24544 PCT/US93/04872 



-82- 



* Sulfated derivarative. 



Table S 

Surfactant 

Concentration Brookfield Viscosity 

Eramnte Surfactaant fwtft) Thickener (cftfi)@pH=g,0 



175 




0 0 


P-3 


3100 






0 2 


P-3 


32700 






ft il 


P-3 


45700 




S-8 3 


0.8 


P-3 


63300 




S-8 3 


1.0 


P-3 


65500 






9 ft 


P-3 


> 100000 




S-9 ) 


0 2 


P-3 


24200 




S-9 ) 


0.4 


P-3 


18700 




S-9 * 


0.8 


P-3 


6600 




S-9 ) 


1.0 


P-3 


4060 






2.0 


P-3 


1225 


177 


s-iao 


0.2 


P-3 


20600 




s-iao 


0.4 


P-3 


17300 




s-iao 


0.8 


P-3 


8500 




s-iao 


1.0 


P-3 


6300 




s-iao 


2.0 


P-3 


1850 


178 


S-11L1 


0.2 


P-3 


12000 




S-11L1 


0.4 


P-3 


3160 




S-llll 


0.8 


P-3 


700 




S-11L1 


1.0 


P-3 


485 




S-11L1 


2.0 


P-3 


480 


179 


S-12L2 


0.2 


P-3 


9200 




S-12L2 


0.4 


P-3 


4500 




S-12L2 


0.8 


P-3 


1000 




S-12L2 


1.0 


P-3 


875 




S-122 


2.0 


P-3 


565 


180 


s-ia3 


0.2 


P-3 


34300 




S-ia3 


0.4 


P-3 


26700 




s-ia3 


0.8 


P-3 


11500 




s-ia3 


1.0 


P-3 


8600 




s-ia3 


2.0 


P-3 


2450 
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Table S 
(Continued) 

Surfactant 

Concentration Brookfield Viscosity 

Example Surfactemit (wt%) Thickener (cps)@pff=9.Q 

181 S-14 4 0.2 P-3 22200 

S-14 4 0.4 P-3 17200 

S-14 4 0.8 P-3 6900 

S-14 4 1.0 P-3 4500 

S-14 4 2.0 P-3 1500 



182 S-15 5 0.2 P-3 10500 
S-15 5 0.4 P-3 4940 
S-15 5 0.8 P-3 2160 
S-15 5 1.0 P-3 1450 
S-15 5 2.0 P-3 355 

183 S-16 3 0.2 P-3 14300 
S-16 5 0.4 P-3 4080 
S-16 3 0.8 P-3 1075 
S-16 3 1.0 P-3 735 
S-16 3 2.0 P-3 485 

184 S-8 0.0 P-2 11400 
S-8 0.2 P-2 23500 
S-8 0.4 P-2 34000 
S-8 0.8 P-2 64000 
S-8 1.0 P-2 71000 
S-8 2.0 P-2 93000 

185 S-9 0.2 P-2 11000 
S-9 0.4 P-2 4000 
S-9 0.8 P-2 2000 
S-9 1.0 P-2 1400 
S-9 2.0 P-2 850 

186 S-10 ) 0.2 P-2 10500 
S-10 ) 0.4 P-2 5000 
S-10 ) 0.8 P-2 2000 
S-10 ) 1.0 P-2 1600 
S-10 ) 2.0 P-2 950 
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Table S 
(Continued) 

Surfactant 

Concentration Brookfield Viscosity 

Eaanpjfi flmfrricbmt Thickener (cps)@pH=9.9 

187 



188 



189 



190 



191 



192 



S-3-11 


0.2 


P-2 


2700 


C ^ 11 


A A 






S-3-11 


0.8 


P-2 


800 


S-3-11 


1.0 


P-2 


060 


S-3-11 


2.0 


P-2 


620 


S-3-12 


0.2 


P-2 


2800 


S>-»-12 


A A 
0.4 




XKAAf 


S-3-12 


0.8 


P-2 


850 


S-3-12 


1.0 


P-2 


660 


S-3-12 


2.0 


P-2 


660 


S-3-8 


0.0 


P-4 


2150 


S-5-8 


0.2 


P-4 


19000 


S-3-8 


0.4 


P-4 


31000 


S-3-8 


0.8 


P-4 


55000 


S-3-8 


1.0 


P-4 


61000 


S-3-8 


2.0 


P-4 


85000 


S-3-9 


0.2 


P-4 


19500 


S-3-9 


0.4 


P-4 


21500 


S-3-9 


0.8 


P-4 


11500 


S-3-9 


1.0 


P-4 


7400 


S-3-9 


2.0 


P-4 


2250 


S-S-10 


0.2 


P-4 


12600 


S-S-10 


0.4 


P-4 


17400 


S-S-10 


0.8 


P-4 


12600 


S-S-10 


1.0 


P-4 


6600 


S-S-10 


2.0 


P-4 


2600 


S-S-11 


0.2 


P-4 


17400 


&S-11 


0.4 


P-4 


7800 


SS-11 


0.8 


P-4 


1650 


S-S-11 


1.0 


P-4 


860 


S-S-11 


2.0 


P-4 


560 
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Table S 
(Continued) 

Surfactant 

Concentration Brookfield Viscosity 



Example 


Surfartanurt 


(wL%) 


Thickener 




193 


S-12 2 


0.2 


P-4 


14600 




S-12 2 


0.4 


P-4 


7800 




S-12 2 


0.8 


P-4 


1500 






1 n 

X.V 


* — ** 






S-12 2 


2.0 


P-4 


460 


194 


S-8 


0.0 


P-5 


790 




S-8 


0.2 


P-5 


4600 




S-8 


0.4 


P-5 


19600 






ft ft 








S-8 


1.0 


P-5 


50000 




S-8 


2.0 


P-5 


90000 


195 


S-9 


0.2 


P-5 


5800 




S-9 


0.4 


P-5 


13200 




S-9 


0.8 


P-5 


9200 




S-9 


1.0 


P-5 


5200 




S-9 


2.0 


P-5 


1600 


196 


S-10 ) 


0.2 


P-5 


4050 




S-10 ) 


0.4 


P-5 


10400 




S-10 ) 


0.8 


P-5 


9400 




S-10 ) 


1.0 


P-5 


5000 




S-10 ) 


2.0 


P-5 


1600 


197 


S-ll I 


0.2 


P-5 


10600 




S-ll L 


0.4 


P-5 


4200 




S-ll I 


0.8 


P-5 


1400 




S-ll I 


1.0 


P-5 


970 




S-ll I 


2.0 


P-5 


410 


198 


S-12 I 


0.2 


P-5 


6000 




S-12 5 


0.4 


P-5 


4200 




S-12 I 


0.8 


P-5 


1150 




S-12 I 


1.0 


P-5 


600 




S-12 I 


2.0 


P-5 


340 
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Tflble S 
(Continued) 



Surfactant 
Concentration 



Exaropte 


Surfactant 




TOckener 


(CPS) @ p) 


199 


S-8 3 


0 


P-7 


1200 




S-8 i 


0.2 


P-7 


9000 




S-8 3 


0.4 


P-7 


21000 




Q ft 2 


U.O 


C 1 

r-l 


OTAAA 






1.0 


P-7 


49000 




S-8 3 


2.0 


P-7 


78000 


200 


S-9 ) 


0.2 


P-7 


1600 




S-9 ) 


0.4 


P-7 


1350 






A C 




you 




S-9 ) 


1.0 


P-7 


762 




S-9 > 


2.0 


P-7 


565 


201 


s-iao 


0.2 


P-7 


1100 




s-iao 


0.4 


P-7 


1150 




s-iao 


0.8 


P-7 


900 




s-iao 


1.0 


P-7 






s-iao 


2.0 


P-7 


650 


202 


S-11L1 


0.2 


P-7 


1175 




S-11I1 


0.4 


P-7 


685 




S-llll 


0.8 


P-7 


503 




S-llil 


1.0 


P-7 


495 




S-llll 


2.0 


P-7 


502 


203 


S-12J2 


0.2 


P-7 


950 




S-12L2 


0.4 


P-7 


675 




S-12L2 


0.8 


P-7 


525 




S-12L2 


1.0 


P-7 


500 




S-122 


2.0 


P-7 


480 


204 


S-8 3 


0.0 


P-13 


25500 




S-8 3 


0.2 


P-13 


31500 




S-8 3 


0.4 


P-13 


46500 




S-8 3 


0.8 


P-13 


60000 




S-8 3 


1.0 


P-13 


60000 




S-8 3 


2.0 


P-13 


62500 
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Table S 

(Continued) 



Surfactant 
Concentration 



Example 


Surfactantnt 


(v/t%) 


Thickener 


(ens) @ 


205 


S-9 


0.2 


P-13 


8640 




S-9 


0.4 


P-13 


2940 




C r\ 

S-9 


0.8 


t) 1Q 

r-lo 






S-9 


1.0 


P-13 


1000 




S-9 


2.0 


P-13 


750 


206 


S-10 ) 


0.2 


P-13 


10100 




S-10 > 


0.4 


P-13 


4200 




i>10 I 


O.O 


.r-lo 


1450 




S-10 ) 


1.0 


P-13 


1300 




S-10 ) 


2.0 


P-13 


900 


207 


S-12 i 


0.2 


P-13 


2540 




S-12 I 


0.4 


P-13 


1125 




S-12 I 


0.8 


P-13 


750 




S-12 i 


1.0 


P-13 


670 




S-12 ! 


2.0 


P-13 


610 


208 


S-8 


0.0 


P-14 


39000 




S-8 


0.2 


P-14 


61000 




S-8 


0.4 


P-14 


73500 




S-8 


0.8 


P-14 


87000 




S-8 


1.0 


P-14 


93500 




S-8 


2.0 


P-14 


122000 


209 


S-9 


0.2 


P-14 


41000 




S-9 


0.4 


P-14 


13700 




S-9 


0.8 


P-14 


6200 




S-9 


1.0 


P-14 


3500 




S-9 


2.0 


P-14 


1200 


210 


S-10 ) 


0.2 


P-14 


38200 




S-10 ) 


0.4 


P-14 


20500 




S-10 ) 


0.8 


P-14 


7300 




S-10 ) 


1.0 


P-14 


5400 




S-10 ) 


2.0 


P-14 


1950 
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Table S 
(Continued) 



Example 



211 



212 



213 



214 



215 



216 



Surfactant 
Concentration 



Brookfield Viscosity 



factanwrt — 


(wt%) 


Thickener 




S-12 2 


0.2 


P-14 


13000 


S-12 2 


0.4 


P-14 


4300 


S-12 2 


0.8 


P-14 


975 




1 0 


P-14 


950 

WW 


S-12 2 


2.0 


P-14 


660 


S-8 


0.0 


P-16 


52500 


S-8 


0.2 


P-16 


95000 


S-8 


0.4 


P-16 


92000 


S-8 


0.8 


P-16 


122000 


S-8 


1.0 


P-16 


125000 


S-8 


2.0 


P-16 


138000 


PS-99 


0.2 


P-16 


73500 


PS-99 


0.4 


P-16 


53000 


PS-99 


0.8 


P-16 


25000 


PS-99 


1.0 


P-16 


21000 


PS-99 


2.0 


P-16 


5400 


S-10 0 


0.2 


P-16 


52800 


S-10 0 


0.4 


P-16 


34500 


S-10 0 


0.8 


P-16 


5400 


S-10 0 


1.0 


P-16 


2925 


S-10 0 


2.0 


P-16 


775 


S-13 3 


0.2 


P-16 


45800 


S-13 3 


0.4 


P-16 


54000 


S-13 3 


0.8 


P-16 


50800 


S-13 3 


1.0 


P-16 


54500 


S-13 3 


2.0 


P-16 


63000 


S-14 4 


0.2 


P-16 


22700 


S-14 4 


0.4 


P-16 


2480 


S-14 4 


0.8 


P-16 


710 


S-144 


1.0 


P-16 


532 


S-144 


2.0 


P-16 


415 
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T ab le S 

(Continued) 



Surfactant 
Concentration 



Example 


Surfactantnt 


fwt%) 


Thickener 


(CDS) @ 


217 


S-8 


0.0 


P-29 


285 




S-8 


0.2 


P-29 


285 




S-8 


0.4 


P-29 


360 




S-8 


0.8 


P-29 


477 




S-8 


1.0 


P-29 


505 




S-8 


2.0 


P-29 


837 


218 


S-9 


0.2 


P-29 


282 




S-9 


0.4 


P-29 


285 




S-9 


0.8 


P-29 


284 




S-9 


1.0 


P-29 


296 




S-9 


2!o 


P-29 


322 


219 


S-10 


0.2 


P-29 


272 




S-10 


0.4 


P-29 


278 




S-10 


0.8 


P-29 


285 




S-10 


1.0 


P-29 


297 




S-10 


2.0 


P-29 


315 


220 


S-12 


0.2 


P-29 


267 




S-12 


0.4 


P-29 


279 




S-12 


0.8 


P-29 


296 




S-12 


1.0 


P-29 


311 




S-12 


2.0 


P-29 


320 


221 


S-8 


0.0 


P-30 


19500 




S-8 


0.2 


P-30 


79000 




S-8 


0.4 


P-30 


71200 




S-8 


0.8 


P-30 


81000 




S-8 


1.0 


P-30 


89500 




S-8 


2.0 


P-30 


175000 


222 


S-9 


0.2 


P-30 


52000 




S-9 


0.4 


P-30 


35500 




S-9 


0.8 


P-30 


16500 




S-9 


1.0 


P-30 


15600 




S-9 


2.0 


P-30 


5620 
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yable S 
(Continued) 



223 



224 



225 



226 



227 



228 



Surfactant 
Concentration 



Brookfield Viscosity 
Thickener (cps) ® pH=9.Q 



s-iao 


0.2 


P-30 


47200 


s-iao 


0.4 


P-30 


26300 


s-iao 


0.8 


P-30 


20300 


s-icio 


1.0 


P-30 


13400 


S-iao 


2.0 


P-30 


4700 


S-122 


0.2 


P-30 


23000 


S-1512 


0.4 


P-30 


6840 


S-1212 


0.8 


P-30 


3125 


s-in2 


1.0 


P-30 


1750 


S-1512 


2.0 


P-30 


1225 


S-8 8 


0.0 


P-46 


24500 


S-8 8 


0.2 


P-46 


79000 


S-88 


0.4 


P-46 


75000 


S-88 


0.8 


P-46 


86000 


S-88 


1.0 


P-46 


95000 


S-88 


2.0 


P-46 


150000 


S-9 9 


0.2 


P-46 


40500 


S-99 


0.4 


P-46 


31000 


S-9 9 


0.8 


P-46 


15300 


S-9 9 


1.0 


P-46 


9400 


S-9 9 


2.0 


P-46 


2300 


8-111 


0.2 


P-46 


20000 


8-111 


0.4 


P-46 


7300 


8-111 


0.8 


P-46 


1350 


S-lll 


1.0 


P-46 


900 


8-111 


2.0 


P-46 


380 


S-113 


0.2 


P-46 


63500 


8-113 


0.4 


P-46 


42000 


s-i;i3 


0.8 


P-46 


23000 


s-i;i3 


1.0 


P-46 


16000 


S-113 


2.0 


P-46 


4850 
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Table S 
(Continued) 

Surfactant 

Concentration Brookfield Viscosity 



Example 


Swfactanlnt 




Thickener 


(gpg) 9 


229 


S-14 [ 


0.2 


P-46 


36000 




S-14 t 


0.4 


P-46 


25000 




S-14 l 


0.8 


P-46 


11000 




S-14 [ 


1.0 


P-46 


9300 




S-14 I 


2.0 


P-46 


1900 


230 


S-16 i 


0.2 


P-46 


19000 




S-16 i 


0.4 


P-46 


9300 




S-16 ) 


0.8 


P-46 


1250 




S-16 ) 


1.0 


P-46 


750 




S-16 > 


2.0 


P-46 


290 



Eamriw 231-375 
Co-Thickening with {Surfactants 

The i degree of ethoxylation of a surfactant added to an 
associative polyraner solution influences the co-thickening effect. The 
results in Tahle IU below show the co-thickening effect produced by 
the addition witbh thorough mixing of certain surfactants identified in 
Table T below in \ the amounts identified in Table U to a 0.3% 
(Examples 172-1S89), 0.5% (Examples 190-215) or 0.75% (Example 216) 
alkaline solution i of an alkali soluble thickener identified in Table U 
as measured wittth a Brookfield Viscometer at 6 rpm at pH = 9.0. 

RX-0-CH2 
I 

CH-(OCH2CH2) x OCH2CH20H 
I 

R2 

R2 = hydrogen onr a R3-O-CH2- residue. 
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Tabl e T 



Moles of 

Surfactant RR^_ R2ZR2 EthPXYlation 



S-17 


Nonnylphenol 


S-18 


Nonnylphenol 


S-19 


Nonnylphenol 


S-20 


NoDnylphenol 


S-21 


Nonnylphenol 


S-22 


Nonnylphenol 


S-23 


Nonnylphenol 


S-24 


Nonnylphenol 


S-25 


NoDnylphenol 


S-26 


Ocfctylphenol 


S-27 


Ocfctylphenol 


S-28 


Ocfctylphenol 


S-29 


Ocfctylphenol 


S30 


Ocfctylphenol 


S-31 


Ocfctylphenol 


S-32 


Ocfctylphenol 


S-33 


C111-C15 




Seccondary 




Alccohol 


S-34 


C111-C15 




Seccondary 




Alccohol 



Hydrogen (R2) 


4 


Hydrogen (E2) 


6 


Hydrogen (R2) 


7 


Hydrogen (R2) 


8 


Hydrogen (R2) 


9 


Hydrogen (R2) 


ID 


Hydrogen (R2) 


15 


Hydrogen (R2) 


25 


Hydrogen (R2) 


40 


Hydrogen (R2) 


1 


Hydrogen (R2) 


3 


Hydrogen (R2) 


5 


Hydrogen (R2) 


7 


Hydrogen (R2) 


9 


Hydrogen (R2) 


12 


Hydrogen (R2) 


16 


Hydrogen (R2) 


5 


Hydrogen (R2) 


9 
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Table V 
Surfactant 

Concentration Brookfield Viscosity 

Example SurfeiidaBt fwt.%) Thidseper (cps)@pH = 9.0 



231 


S-177 


O.o 


15 1 

P-l 


caU 




o-loo 


A O 
O.O 


P-l 




233 


S-199 


O.o 


P-l 


/MA 

630 


234 


S-200 


0.8 


TJ 1 


205 


235 


S-211 


0.8 


P-l 


143 


236 


S-222 


0.8 


Tl 1 
P-l 


113 


237 


S-233 


0.8 


Tl 1 
P-l 


85 


238 


S-244 


0.8 


P-l 


57 


239 


S-25 r 


0.8 


P-l 


68 


240 


S-17 


0.8 


P-3 


17800 


241 


S-1E 


0.8 


P-3 


35800 


242 


S-l£ 


0.8 


P-3 


21300 


243 


S-2C 


0.8 


P-o 


OtfO 


244 


S-2. 


0.8 


T» O 

P-3 


zoO 


245 


S-2 


0.8 


P-3 


147 


246 




O.O 


Tl O 

P-o 


118 


OAT7 




U.O 


p o 
x O 




248 


S-25: 


0.8 


P-3 


77 


249 


S-17 7 


0.8 


P-42 


57000 


250 


SIS 8 


0.8 


P-42 


134000 


251 


S-199 


0.8 


P-42 


112000 


252 


S-211 


0.8 


P-42 


2450 


253 


S-222 


0.8 


P-42 


800 


254 


S-233 


0.8 


P-42 


3250 


255 


S-26 5 


0.8 


P-42 


43000 


256 


S-27 7 


0.8 


P-42 


37000 


257 


S-28 3 


0.8 


P-42 


71000 


258 


S-29: 


0.8 


P-42 


5800 


259 


s-3o: 


0.8 


P-42 


375 


260 


S-31, 


0.8 


P-42 


650 


261 


S-32^, 


0.8 


P-42 


2400 


262 


S-17 7 


0.8 


P-46 


68000 


263 


S-18S 


0.8 


P-46 


13000 


264 


S-19 9 


0.8 


P-46 


88000 


265 


S-211 


0.8 


P-46 


2900 


266 


S-22 2 


0.8 


P-46 


1400 


267 


S-23 3 


0.8 


P-46 


2400 
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Table U 
(Continued) 

Surfactant 

Concentration Brookfield Viscosity 

Example jgurfaartant (wt,%) Thickener f cps) ® pH = 9.n 



268 


S-266 




0.8 


P-46 


25000 


269 


S-227 




0.8 


P-46 


38500 


270 


S-288 




0.8 


P-46 


77000 


271 


S-229 




0.8 


P-46 


7200 


272 


&3G0 




0.8 


P-46 


550 


273 


S-3B1 




0.8 


P-46 


690 


274 


S-332 




0.8 


P-46 


1775 


275 


Aerrosol 


OT 


0.0 


P-4 


50500 




Aerrosol 


OT 


0.1 


P-4 


93500 




Aerrosol 


OT 


0.2 


P-4 


42000 




Aerrosol 


OT 


0.4 


P-4 


11200 




Aerrosol 


OT 


0.8 


P-4 


3700 




Aerrosol 


OT 


1.0 


P-4 


7200 




Aerrosol 


OT 


2.0 


P-4 


10600 



Examples 276-288 
Co-TlThickening with Solvents and Non-Solvents 
SoMvents and non-solvents added to an associative 
polymer solutionn influences the co-thickening effect. The results in 
Table W below si show the co-thickening effect produced by the addition 
with thorough mnixing of certain solvents and non-solvents identified 
in Table V beloww in the amounts identified in Table W to a 0.75% 
alkaline solutionn of an alkali soluble thickener identified in Table W 
as measured witith a Brookfield Viscometer at 6 rpm at pH « 9.0. 
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TableV 



Solwent 
Pegjgjgnatipn 



Solvent 



O-l . 
0-2 S 
0-3 ! 
0-4 : 
0-5 i 
0-6 ! 
0-7 ' 
0-8 ! 
0-9 I 
O-10.0 
0-111 
0-122 



Example Thickener 



mineral spirits 
butanol 
Isobutanol 
Isopropanol 
2-Ethylhexanol 
Butyl Carbitol 
Butyl DiPropasol 
Butyl Propasol 
Propyl DiPropasol 
Propyl Propasol 
Methyl DiPropasol 
Methyl Propasol 

Table W 

Solvent Solvent 0-1 

Concentration Concentration 
Solvent (wt,%) (wt%> 



Brookfield 

Viscosity 
(cos) ® dH = 9.0 



P-3 


0-6 


5 


0 


29200 


P-3 


0-6 


10 


0 


865 


P-3 


0-6 


20 


0 


625 


P-3 


0-6 


40 


0 


720 


P-3 


0-6 


5 


5 


15400 


P-3 


0-6 


10 


5 


1125 


P-3 


0-6 


20 


5 


735 


P-3 


0-6 


40 


5 


780 


P-3 


0-6 


5 


10 


56500 


P-3 


0-6 


10 


10 


1050 


P-3 


0-6 


20 


10 


835 


P-3 


0-6 


40 


10 


832 


P-3 


0-6 


5 


20 


41500 


P-3 


0-6 


10 


20 


1625 
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T a b kW 
(Continued) 

Solvent Solvent O-l Brookfield 

Concentration Concentration Viscosity 



Example 


Thiclceneier 


Solvent . 


fwt.%) 


fwtft) 






P-3 


0-7 


0 


0 


76000 




X Cl 


0-7 


5 


0 


2150 




P. 3 

x • 0 


O-l 


10 


0 


3700 




P-3 


0-7 


20 


0 


2000 




P-3 


0-7 


0 


5 


89000 




P-3 


0-7 


5 


5 


88000 




P-3 


0-7 


10 


5 


50000 




P-3 


0-7 


20 


5 


46500 




P-3 


0-7 


0 


10 


102400 




P-3 


0-7 


5 


10 


122000 




P-3 


0-7 


10 


10 


72000 




P-3 


0-7 


0 


20 


113000 




P-3 


0-7 


5 


20 


158000 




P-3 


0-7 


10 


20 


138000 


278 


P-3 


0-8 


5 


0 


1925 




P-3 


0-8 


10 


0 


1150 




P-3 


0-8 


20 


0 


2000 




P-3 


0-8 


40 


0 


6200 


279 


P-3 


0-9 


5 


0 


36000 




P-3 


0-9 


10 


0 


1200 




P-3 


0-9 


20 


0 


440 




P-3 


0-9 


40 


0 


1375 


280 


P-3 


O-10 


5 


0 


1375 




P-3 


O-10 


10 


0 


45500 




P-3 


O-10 


20 


0 


625 




P-3 


O-10 


40 


0 


510 


281 


P-3 


Oil 


5 


0 


36000 




P-3 


0-11 


10 


0 


20500 




P-3 


O-ll 


20 


0 


4200 




P-3 


O-ll 


40 


0 


550 
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T ab k W 
(Continued) 







solvent 


OOrVeiTC KJ'X 


■DrooKTieid 






Con cen trati on 


Con cen trati on 


Viscosity 


• 


Solvent 








P-3 


0-12 


0 


0 


76000 


F-o 


SJ-U, 


O 


u 


j4CAAA 

40UUU 


F-o 


\J-±Z 


1A 
ill 


ft 

u 


0>4KAA 


"D O 

F-3 


U-12 


OA 


A 
U 


OoOO 


F-3 


U-12 




A 

u 


o/o 


F-3 


U-12 


5 


c 

u 


51500 


F-3 


U-X2 


10 


o 


OOCAA 

28500 


13 O 

P-o 


n to 

U-12 


20 


0 


7100 


F-o 


U-12 


40 


0 


01A 

810 


P-3 


U-12 


5 


10 


£»1 AAA 

61200 


TO O 


U-12 


10 


1A 

JO 


OOCAA 

33500 


P-3 


U-12 


20 


1A 

10 


6400 


P-3 


U-12 


>#A 


1A 
10 


ATA 

950 


TO 4 

P-3 


/-\ <o 
U-12 


5 


OA 

A) 


OCOAA 

86800 


P-3 


0-12 


30 


20 


40500 


P-3 


0-12 


20 


20 


7100 


P-3 


0-12 


40 


20 


1350 


P-14 


0-7 


0 


0 


150000 


P-14 


0-7 


5 


0 


1350 


P-14 


0-7 


10 


0 


4500 


P-14 


0-7 


20 


0 


7000 


P-14 


0-7 


0 


5 


140000 


P-14 


0-7 


5 


5 


120000 


P-14 


0-7 


10 


5 


78000 


P-14 


0-7 


0 


5 


140000 


P-14 


0-7 


5 


10 


158000 


P-14 


0-7 


10 


10 


124000 


P-14 


0-7 


0 


20 


136000 


P-14 


0-7 


5 


20 


152000 


P-14 


0-7 


10 


20 


142000 
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TabteW 
(Continued) 

Solvent Solvent 0-1 Brookfield 

Concentration Concentration Viscosity 

flxnmple T^ickfinRier Solvent. „ fwt.%) ,. .„(WL%) (cps^ g nH = Q 0 



P-3a 


0-2 


0 


0 


132600 


P-3a 


0-2 


5 


0 


17300 


P-3a 


0-2 


10 


0 


850 


P-3a 


02 


20 


0 


1425 


P-3a 


0-2 


40 


0 


4750 


P-3a 


0-2 


0 


5 


140000 


P-3a 


0-2 


5 


5 


67000 


P-3a 


0-2 


10 


5 


2500 


P-3a 


0-2 


20 


5 


3000 


P-3a 


0-2 


0 


10 


134000 


P-3a 


0-2 


5 


10 


33000 


P-3a 


0-2 


10 


30 


400C 


P-3a 


0-2 


20 


10 


4900 


P-3a 


0-2 


0 


20 


144000 


P-3a 


0-2 


5 


20 


49000 


P-3a 


0-2 


10 


20 


8000 



P-3a 


0-3 


5 


0 


28500 


P-3a 


0-3 


10 


0 


880 


P-3a 


0-3 


20 


0 


1425 


P-3a 


0-3 


40 


0 


4600 


P-3a 


0-3 


5 


5 


80000 


P-3a 


0-3 


10 


5 


2950 


P-3a 


0-3 


20 


5 


3200 


P-3a 


0-3 


40 


5 


6200 


P-3a 


0-3 


5 


10 


78000 


P-3a 


0-3 


10 


10 


5200 


P-3a 


0-3 


20 


10 


6400 


P-3a 


0-3 


5 


20 


136000 


P-3a 


0-3 


10 


20 


20500 
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(Continued) 

Solvent Solvent 0-1 Brookfield 

Concentration Concentration Viscosity 

F,TflTrm1e Thickenerer Solvent fwt.%) (wL%) (gPfi) ® PfT = ft.O 



P«3n 
x "ua 


0-4 


5 


o 


94000 




0-4 


10 


o 


29000 


P-3a 


0-4 


20 


0 


1050 


P-3a 


0-4 


40 


0 


850 


P-3a 


0-4 


5 


5 


107400 


P-3a 


0-4 


10 


5 


39000 


P-3a 


0-4 


20 


5 


1225 


P-3a 


0-4 


40 


5 


900 


P-3a 


0-4 


5 


10 


134000 


P-3a 


0-4 


10 


10 


41000 


P-3a 


0-4 


20 


10 


1350 


P-3a 


0-4 


40 


10 


1050 


P-3a 


0-4 


5 


20 


164000 


P-3a 


0-4 


10 


20 


33000 


P-3a 


0-4 


20 


20 


1825 


P-3a 


0-4 


40 


20 


1350 


P-3a 


0-5 


5 


0 


93500 


P-3a 


0-5 


10 


0 


136000 


P-3a 


0-5 


20 


0 


178000 


P-3a 


0-7 


5 


0 


2700 


P-3a 


0-7 


10 


0 


6100 


P-3a 


0-7 


20 


0 


11900 



Althaough the invention has been illustrated by certain of 
the preceding exaamples, it is not to be construed as being limited 
thereby; but rathaer, the invention encompasses the generic area as 
hereinbefore discfclosed. Various modifications and embodiments can 
be made without c departing from the spirit and scope thereof. 
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Claims 

1. A polymer comprising the reaction product of: 

(A) ) about 0-99.9 weight percent of one or more 
nonionic, cationnic, anionic . or amphoteric monomers; 

(B) ) about 0-99.9 weight percent of one or more 
monoethylenicahlly unsaturated monomers different from (A); 

(C) ) about 0.1-100 weight percent of one or more 
monoethylenicahlly unsaturated macromonomers different from (A) 
and (B); and 

(D) ) about 0-20 weight percent or greater of one or more 
polyethylenicalljly unsaturated monomers different from (A), (B) and 
(C). 

2.2. The polymer of claim 1 comprising the reaction 

product of: 

(A A) about 1-99.9 weight percent of one or more alpha, 
beta-monoethyldenically unsaturated carboxylic acids; 

(BB) about 0-98.9 weight percent of one or more 
monoethylenicahlly unsaturated monomers different from (A); 

(CC) about 0.1-99 weight percent of one or more 
monoethylenicahlly unsaturated macromonomers different from (A) 
and (B); and 

(ED) about 0-20 weight percent or greater of one or 
more polyethylejenically unsaturated monomers different from (A), (B) 
and (C). 

3.J. The polymer of claim 1 comprising the reaction 

product of: 

(AA) from 1 to about 99.9 weight percent of one or 
more nonionic nmonoethylenically unsaturated monomers; and 
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(B)S) from about 0.1 to 99 weight percent of one or 
more monoethyleenically unsaturated macromonomers different 
from (A). 

4. A compound represented by the formula: 



Rft 4 
I I 

R1-(OR2) 2 .r3-C0=CR5r6 



wherein: 



R* * is a monovalent residue of a substituted or 



unsubstituted conmplex hydrophobe compound; 

o 

eaclch R is the same or different and is a substituted or 
unsubstituted divvalent hydrocarbon residue; 

R ? is a substituted or unsubstituted divalent 
hydrocarbon residdue; 

R 4 , l ,R 5 andR 6 are the same or different and are 
hydrogen or a suhbstituted or unsubstituted monovalent hydrocarbon 
residue; and 

z is s a value of 0 or greater* 

5. A compound represented by the form Vila selected 

from: 

Rl-(0-CH 2 ) a 

\ . 

iR^^MORsyoRe 

n 

R 2 -CO-CH 2 )b 
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wherein Rj and 1 Rg are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Rg is a 

substituted or unnsubstituted divalent or trivalent hydrocarbon 
residue, each R 4i is the same or different and is a substituted or 

unsubstituted drtivalent hydrocarbon residue, each Rg is the same or 

different and is a a substituted or unsubstituted divalent hydrocarbon 
residue, Rg is hyydrogen, a substituted or unsubstituted monovalent 

hydrocarbon resiudue or an ionic substituent, a and b are the same or 

different and aree a value of 0 or 1, and x and y are the same or 
different and aree a value of 0 or greater; provided (i) at least two of Rj, 

R 2 , Rg, R 4 , Rg annd Rg are a hydrocarbon residue having greater than 

2 carbon atoms inn the case of Rj, Rg and Rg or having greater than 2 

pendant carbon a atoms in the case of Rg, R^ and Rg, (ii) at least one of 

R4 and Rg is othher than -CHgCHg- when R 1 and Rg are nonylphenyl, 

Rg is^CH-, Rg is s hydrogen or SOg, a is a value of 1, b is a value of 1, 

and at least one c of x and y is a value of 1 or greater, and (iii) R^ is 

-CHgCHg- and xx is a value of at least 2 when Rj is hexadecyl, Rg is 

tetradecyl, Rg is^CH-, at least one Rg is -CHgCH(tetradecyl)-, R g is 

hydrogen, y is a ^ value of 1 or greater, a is a value of 1, and b is a value 
of 0; and 



R 7 .(OCH 2 )d-K9-( L (ORio)fOR 11 
! 

R 155 
I 

R 8 -(OCH 2 ) e -Rl2-2-< ORi 3 ) r ORi4 



wherein R^ and 1 Rg are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Rg 
and R 1 0 are the 1 same or different and are a substituted or 
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unsubstituted divivalent or trivalent hydrocarbon residue, each R^q is 

the same or different and is a substituted or unsubstituted divalent 
hydrocarbon residdue, each R 13 is the same or different and is a 

substituted or unnsubstituted divalent hydrocarbon residue, R^ and 

R 14 are the samae or different and are hydrogen, a substituted or 

unsubstituted mcaonovalent hydrocarbon residue or an ionic 
substituent, R^g i is a substituted or unsubstituted divalent 

hydrocarbon residdue, d and e are the same or different and are a 

value of 0 or 1, annd f and g are the same or different and are a value of 
0 or greater; provided at least two of R^, Rg, Rg, R^q, Rjj, R 12 > R 13 » 

R 14 and R lg are 5 a hydrocarbon residue having greater than 2 carbon 

atoms in the casee of Ry, R g , Rjj an R J4 or having greater than 2 

pendant carbon automs in the case of R g , R^q, R 12 > -^13 R^g- 

6. The polymers of claims 1, 2 and 3 wherein said 
monoethylenicalljly unsaturated macromonomer is represented by the 
formula depicted i in claim 4. 

7. The polymers of claim 6 wherein the substituted or 
unsubstituted coDmplex hydrophobe compound is represented by the 
formula selected 1 from: 



R 1 -(0-CH 2 ) a 

\v 

Ra-^MORsVORe 
// 

R2-{0-CH 2 )b 

wherein R^ and IR 2 are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Rg is a 

substituted or unnsubstituted divalent or trivalent hydrocarbon residue, 
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each is the sjsame or different and is a substituted or unsubstituted 
divalent hydrocacarbon residue, each Rg is the same or different and is a 
substituted or uunsubstituted divalent hydrocarbon residue, Rg is 

hydrogen, a subbstituted or unsubstituted monovalent hydrocarbon residue 

or an ionic substetituent, a and b are the same or different and are a value 

of 0 or 1, and x £ and y are the same or different and are a value of 0 or 
greater; provideed at least two of Rj, R 2 , Rg, R 4 > Rg and Rg are a 

hydrocarbon resisidue having greater than 2 carbon atoms in the case of 
Rj, R 2 and Rg oor having greater than 2 pendant carbon atoms in the case 

of Rg, R 4 and R£ 5 ; and 



R 7 -(OCH2)d-R9-HORio>fORii 
I 

I 

R 8 -(OCH 2 ) e -Rl22^ ORi 3 ) r ORi4 



wherein R ? andd R g are the same or different and are hydrogen or a 
substituted or uunsubstituted monovalent hydrocarbon residue, Rg and R 12 

are the same or r different and are a substituted or unsubstituted divalent 
or trivalent hyddrocarbon residue, each R^q is the same or different and is 

a substituted or r unsubstituted divalent hydrocarbon residue, each R^g is 

the same or diffeferent and is a substituted or unsubstituted divalent 
hydrocarbon resisidue, Rjj and R 14 are the same or different and are 

hydrogen, a subbstituted or unsubstituted monovalent hydrocarbon residue 
or an ionic subststituent, R 15 is a substituted or unsubstituted divalent 

hydrocarbon resisidue, d and e are the same or different and are a value of 0 

or 1, and f and gg are the same or different and are a value of 0 or greater; 
provided at leastet two of R 7 , Rg, R Q , R 10 , Rjj, R 12 > ^13* and R 15 are a 

hydrocarbon resisidue having greater than 2 carbon atoms in the case of 
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R 7 , Rg, Rjj an RR^ 4 or having greater than 2 pendant carbon atoms in the 
case of Rg, R^q* RR]^' ^13 ^15* 

8. The compound of claim 4 wherein the substituted ot 
unsubstituted conmplex hydrophobe compound is represented by the 
formula selected 1 from: 

Rl-(0-CH 2 ) a 

\^ 

Rs-^^r^RsVORe 

// 

R 2 -CO-CH 2 )b 

wherein R^ and 5Rg are the same or different and are hydrogen or a 
substituted or unasubstituted monovalent hydrocarbon residue, Rg is a 

substituted or unnsubstituted divalent or trivalent hydrocarbon residue, 
each R 4 is the sanme or different and is a substituted or unsubstituted 

divalent hydrocahrbon residue, each Rg is the same or different and is a 

substituted or unnsubstituted divalent hydrocarbon residue, Rg is 

hydrogen, a substetituted or unsubstituted monovalent hydrocarbon residue 

or an ionic substitituent, a and b are the same or different and are a value 

of 0 or 1, and x annd y are the same or different and are a value of 0 or 
greater; provided 4 (i) at least two of Rp R 2 > Rg» R 4 » Rg and Rg are a 

hydrocarbon residdue having greater than 2 carbon atoms in the case of 
R^ Rg and Rg or r having greater than 2 pendant carbon atoms in the case 

of Rg, R 4 and Rg, ; , (ii) when R 1 is hexadecyl, a is a value of 1, Rg is 

tetradecyl, b is a v value of 0, Rg ifi^CH-, R 4 is -CH 2 CH(tetradecyl)-, x is a 

value of 1, Rg is -GCHgCHg-, y is a value of 34, Rg is hydrogen and 2 is a 

value of 0, then thhe -R^aAc^CR^ 6 portion of the compound is other 
than the residue c of maleic anhydride, and (iii) when R^ is hexadecyl, a is 

a value of 1, R 2 is s tetradecyl, b is a value of 0, Rg is^CH-, R 4 is 
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-CH 2 CH(tetradelecyl>, x is a value of 1, y is a value of 0, R fi is hydrogen and 

z is a value of 344, then the -R^CR^OCR^ 6 portion of the compound is 
other than the r residue of maleic anhydride; and 

R 7 ^OCH 2 )d-R9-WORio)fORii 
I 

R l£5 
I 

R 8 -(OCH 2 ) e -Rl22-( ORi3> r ORi4 

wherein R^ andi Rg are the same or different and are hydrogen or a 
substituted or uunsubstituted monovalent hydrocarbon residue, Rg and R 12 

are the same or r different and are a substituted or unsubstituted divalent 
or trivalent hydilrocarbon residue, each Rjq is the same or different and is 

a substituted or r unsubstituted divalent hydrocarbon residue, each Rjg is 

the same or diffderent and is a substituted or unsubstituted divalent 
hydrocarbon resisidue, R^ and R 14 are the same or different and are 

hydrogen, a subbstituted or unsubstituted monovalent hydrocarbon residue 
or an ionic substetituent, R^g is a substituted or unsubstituted divalent 

hydrocarbon resisidue, d and e are the same or different and are a value of 0 

or 1, and f and gg are the same or different and are a value of 0 or greater; 
provided at leastst two of R 7 , Rg, R Q , R 1Q , R 1V R 12> R^, R 14 and R 15 are a 

hydrocarbon resisidue having greater than 2 carbon atoms in the case of 
R 7 , Rg, Rjj an I R 14 or having greater than 2 pendant carbon atoms in the 

case of Rg, R^q> 1 ^12* ^13 ^15* 

9, The polymers of claim 7 and the compound of 
claim 8 wherein a (i) at least one of Rj, R2, R7 and Rg is a hydrocarbon 

radical represennted by the formula: 
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Ei6-(0-CH 2 )2)h 
\ 

Rig- 

/ 

Rl7-(0-CH2)i)i 



wherein Rjg andd R17 are the same or different and are hydrogen or a 
substituted or unnsubstituted monovalent hydrocarbon residue, Rig is 
a substituted or uun substituted divalent or trivalent hydrocarbon 
residue, and h annd i are the same or different and are a value of 0 or 
1; and/or (ii) at lejeast one of R4, R5, Rjo and R13 is a hydrocarbon 

radical represented by the formula: 
-CHH[(OR 19 )jOR20> 

wherein each Riag is the same or different and is a substituted or 
unsubstituted drvivalent hydrocarbon residue, R20 * s hydrogen* a 
substituted or unnsubstituted monovalent hydrocarbon residue or an 
ionic substituent, ;, and j is a value of 0 or greater. 



10. The polymers of claim 7 and the compound of 
claim 8 in which 1 said monoethylenically unsaturated 
macromonomer aand compound are represented by the formula 
selected from: 
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R^— (OR 2 )z — e OC(O)— NH— C(CH 3 ) 2 — j^^j— C(CH 3 )=CH 2 



R4 
I 

Rl.(OR2) z .CH 2 CDHCH20CH2C=CH2 
I I 

(OORi 9 )jOH 



R4 
I 

Rl - (OR2) 2 - OCaO>-C=CH2 

wherein R 1 , R 2 , R 4 and z are as defined in claim 4, and R19 and j are 
as defined in clanim 9. 

11. An aqueous latex containing the solubilized or 
neutralized aquaeous polymer of claim 1. 

12. A process of thickening an aqueous system 
comprising addinng to the system a polymer of claim 1 and at least 
partially solubililizing or neutralizing said polymer. 

13. The process of claim 12 wherein the system is 
thickened furtheer by the addition of an effective amount of surfactant, 
solvent or non-scolvent. 



14. . An aqueous polymer emulsion useful as a 
thickening agenbt in aqueous compositions when the polymer is 
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dissolved thereinA, which comprises water and emulsified polymer 
particles comprisising the polymer of claims 1, 2 or 3. 

15. In a latex paint composition comprising latex 
polymer, water, p pigment, and thickener, the improvement which 
comprises having? as at least a portion of the thickener dissolved 
therein a polymersr comprising the polymer of claims 1, 2 or 3. 

16. In an aqueous composition comprising water and 
thickener, the impprovement which comprises having as at least a 
portion of the thirickener dissolved therein a polymer comprising the 
polymer of claims s 1, 2 or 3. 

17. A derivative of the compound of claims 4 or 5. 

18. An emulsifier, dispersant, stabilizer, wetting 
agent, a copolymaerizable monomer in polymerization reaction or a 
latex binder compprising the compound of claims 4 or 5. 

19. A latex composition containing water, latex 
polymer and the c compound of claims 4 or 5. 

20. A method for the alkoxylation of a complex 
hydrophobe comppound having at least one active hydrogen 
comprising alkoxyylating the complex hydrophobe compound of claim 
5 with an alkylenae oxide in the presence of a catalyst to produce 
alkoxylates of the e complex hydrophobe compound under alkoxylation 
conditions. 

21. A method for preparing alkoxylation product 
mixtures having e a narrow distribution of species with at least one 
specie comprising g at least about 10 weight percent of the product 
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mixture compprising contacting a complex hydrophobe compound of 
claim 5 havingg at least one active hydrogen with an alkylene oxide in 
the presence o:of a catalytically effective amount of catalyst under 
alkoxylation ccconditions sufficient to provide a product mixture 
having at leastst one alkoxylation specie comprising at least about 10 
weight percentit of the mixture. 

222. The method of claim 20 further comprising 
derivatizing thhe product in which the derivatizing reaction comprises 
an oxidation, c carboxylation, reduction, hydrogenation, 
dehydrogenatidon, condensation, amination, esterification, 
etherification, ; silylation, alkylation or acylation reaction. 
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